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1. Introduction
This contribution summarizes the NR Rel-16 TEI related and CLI/RIM related discussions and proposals in AI 7.2.12. 
Based on contributions in AI 7.2.12, following four candidate discussion points are identified. 
· #1: RIM with partially overlapping bandwidth [1]
· #2: Aperiodic CSI-RS triggering with beam switching timing of 224 and 336 [3]
· #3: Aperiodic TRS triggering with beam switching timing [4]
· #4: Maximum number of configurable CSI-RS resources for L3 mobility [2, 4, 5]

From the moderator’s perspective, at least discussion point #4 should be discussed based on the RAN4 request in this agenda or other agenda (i.e., AI5), and discussion point #1 should also be discussed if it is a practical issue. The discussion points #2 and #3 can also be discussed while #3 may be more “essential” than #2. So, the moderator’s initial proposal is to discuss all four discussion points in RAN1#103-e, but if down-scoping for email discussions is necessary, the discussion point #2 can be handled as editorial issue for editors.
Initial FL proposal of list of issues/proposals and priority for RAN1#103-e meeting:
1. Discussion point #1 for RIM with partially overlapping bandwidth
· Whether/how to support the partially overlapping bandwidth scenario for Rel-16 RIM
2. Discussion point #2 for aperiodic CSI-RS triggering with beam switching timing of 224 and 336
· Whether to adopt TP for TS38.214 in R1-2008210
3. Discussion point #3 for aperiodic TRS triggering with beam switching timing
· Whether to adopt TP for TS38.214 in R1-2008682 (part 1)
4. Discussion point #4 for maximum number of configurable CSI-RS resources for L3 mobility
· Whether/how to address the RAN4 request to increase the maximum number of configurable CSI-RS resources for L3 mobility or not

Based on the preparation phase email discussion as captured in section 2/3/4/5/6, following final FL proposal on the email discussion scope for 7.2.12 in RAN1#103-e meeting is derived.
FL proposal on email discussions for 7.2.12:
[103-e-NR-TEIs-01] Email discussion/approval for potential CR(s) for aperiodic TRS triggering with beam switching timing (26th - 29th Oct)
· Discuss necessary update of TS38.214 5.1.6.1.1 for the case of cross carrier triggering with different numerologies (based on first part of proposed TP in R1-2008682 (part 1))
[103-e-NR-TEIs-02] Email discussion/approval for potential CR(s) and reply LS for maximum number of configurable CSI-RS resources for L3 mobility (26th - 29th Oct)
· Discuss necessary update of TS38.214 5.1.6.1.3 to increase maximum number of configurable CSI-RS resources for L3 mobility according to RAN4 request
· Discuss whether/how to introduce new UE capability for the increased maximum number of configurable CSI-RS resources for L3 mobility
· Discuss reply LS to RAN4 (and RAN2)


2. RIM with partially overlapping bandwidth
In [1], it is proposed that the partially overlapping BW scenario needs to be well-supported for RIM due to the regional spectrum allocation differences in many countries and the long range of the duct interference, and corresponding TPs for TS38.211 are provided.
	Typically, spectrum is allocated on a market-by-market basis, meaning that an operator may not have the license for the same spectrum resources in two neighbouring markets. Since the aggressor BS and victim BS of remote interference may very well be in different markets due to the low propagation loss when ducting happens, the carrier BW of the RIM-RS transmitter and receiver may only be partially overlapping. Figure 2 shows a map of FCC market allocations in the US. Clearly, since duct interference may reach up to 300 km distance, multiple markets may mutually interfere each other and aggressor and victim may have different carrier bandwidth.
For instance, in market A an operator may deploy a 40 MHz carrier with  MHz while in market B they may deploy a 60 MHz carrier with  MHz. 
[image: ]
Figure 2: PEA (market) boundaries in USA [1], with a 300km radius drawn out

[bookmark: _Toc53761809]Spectrum allocation is typically done market-by-market, which means an operator’s allocation in neighboring markets may be different. Since duct interference can reach across market boundaries, victim and aggressor cells may not have completely overlapping bandwidth.

The RIM-RS consists of  modulation symbols, where  is the length of the RIM-RS sequence where  is the bandwidth of the RIM-RS in resource blocks. The number of resource blocks for RIM-RS is given by 

I.e. for 15 kHz SCS, the smaller one of 20 MHz and the carrier BW is used. While for 30 kHz, the smallest one of the carrier BW or {20, 40} MHz configurable is used.
These  modulation symbols are mapped from a starting frequency offset  given relative a configured reference point  (given as NR-ARFCN). The frequency offset is given by the RIM set ID and depends on the configured number of candidate frequency resources , which shall fulfill 
I.e. 
Both the reception and transmission of RIM-RS are configured using the same OAM parameters (according to 3GPP SA5 spec), and the mapping between RIM set ID and resource indices , , and  are global to the entire network (PLMN). That is, the same number of sequences, time occasions and frequency positions must be used across the entire network to ensure consistent definition of the RIM set ID to RIM-RS resource.
must be configured to the same value in all gNBs participating in the RIM framework 
[bookmark: _Toc53761811]Since there is a restriction on  depending on carrier BW, the cell with the smallest carrier BW in the network will put an upper bound on  
That is, as long as there is at least on cell with < 40 MHz carrier BW in the network,  must be equal to one, which is very restrictive.

For reference, with completely overlapping spectrum allocations and carrier bandwidths in all markets involved in the RIM framework, there is no issue and the below configurations are possible with Rel-16 RIM.
	[image: ]
Figure 3: Illustration of possible RIM-RS mappings in aggressor and victim cells with overlapping BW

As alluded to in previous sections, Rel-16 RIM framework is not well-optimized towards partially overlapping BW scenario. Consider the example in Figure 4, where market A and C each have 30 MHz allocated but on non-overlapping spectrum, while market B has 70 MHz allocated overlapping with both A and C. Since at least one of the cells have < 40 MHz carrier BW,  must be equal to one and only a single RIM-RS resource can be configured in the frequency-domain for all 3 markets, which in this case has a 20 MHz BW. In order to cover the three cells with the RIM-RS resource, it must be placed as in the figure, meaning that only a small portion of the RIM-RS is actually transmitted in the cells in markets A and C (we here assume that this is a valid configuration and that the portion of the signal that falls outside of the carrier BW of a cell 
is omitted but the remaining portion is transmitted. Without this assumption, RIM operation in such a network is not possible), leading to poor detection performance.
[image: ]
Figure 4: Illustration of partially overlapping carrier BW scenario with current Rel-16 RIM spec

4.1 Solution alternative 1: Remove RIM-RS BW restriction
One way to improve the RIM-RS detection performance would be to remove the restriction on RIM-RS sequence length as function of the carrier BW. In this case, a master RIM-RS signal spanning a configured maximum bandwidth could be used, even for cells with lower carrier BW. The frequency offset could then be set to the left-most part of the overlapping spectrum interval of the participating markets, with each cell only transmitting the portion of the signal that falls into the carrier BW of that cell. This would allow each cell to perform sequence correlation over its entire BW, thus maximizing detection probability. This alternative is illustrated in Figure 5.
[image: ]
[bookmark: _Ref51361720]Figure 5: Illustration of solution alternative 1

4.1.1 Alt 1: Text proposal to 38.211
This proposal could be realized with the TP below.
< Unchanged parts are omitted >
7.4.1.6.4.3	Frequency-domain parameters and mapping from  to frequency-domain parameters
The frequency-domain parameter  in clause 5.3.3 is the frequency offset relative to a configured reference point for RIM-RS and is obtained from entry  in a list of configured frequency offsets expressed in units of resource blocks. 
The number of candidate frequency resources configured in the network, , shall fulfil

If , the frequency difference between any pair of configured frequency offsets in the list is not smaller than . 
The number of resource blocks for RIM-RS is given by  which is configured by higher layer.

< Unchanged parts are omitted >

4.2 Solution alternative 2: Remove carrier BW-dependent restriction on 
Another alternative is to remove the carrier BW-dependent restriction on , allowing even a 20 MHz cell to be configured with  and thus with 4 FDMed RIM-RS resource positions. However, the cell would of course not be able to detect a RIM-RS in a resource with FD-position outside of its carrier bandwidth and would have to have a RIM set ID allocation such that it corresponds to the FD-position within the carrier BW. With this proposal, cells in both markets A and C can transmit RIM-RS utilizing the full RIM-RS BW in different frequency positions and cells in market B can detect each RIM-RS resource independently. Cells in market B may need to be assigned two RIM set IDs to transmit two RIM-RS so that both market A and market C can have the possibility to detect it. This is illustrated in Figure 6.

[image: ]
[bookmark: _Ref51361725]Figure 6: Illustration of solution alternative 2

4.2.1 Alt 2: Text proposal to 38.211
The above solution alternative could be realized by the TP below.
< Unchanged parts are omitted >
[bookmark: _Toc29230400][bookmark: _Toc36026659][bookmark: _Toc45107498] 7.4.1.6.4.3	Frequency-domain parameters and mapping from  to frequency-domain parameters
The frequency-domain parameter  in clause 5.3.3 is the frequency offset relative to a configured reference point for RIM-RS and is obtained from entry  in a list of configured frequency offsets expressed in units of resource blocks. 
The number of candidate frequency resources configured in the network, , may be either 1, 2 or 4. shall fulfil

If , the frequency difference between any pair of configured frequency offsets in the list is not smaller than . 
< Unchanged parts are omitted >

In order to deploy Rel-16 RIM in practice, we believe that the partially overlapping BW scenario needs to be well-supported due to the regional spectrum allocation differences in many countries and the long range of the duct interference. 
[bookmark: _Toc53761812]RAN1 confirms that partially overlapping bandwidth scenario is supported in Rel-16 RIM 

Two quite simple solutions to realize this are proposed above. In our view, both solutions are valid and may be appropriate in different scenarios. Therefore, both should be supported.
Proposal 2	To support partially overlapping BW scenario, adopt Text proposal 1 and Text proposal 2 in this document



Based on above contribution, this point can be considered as candidate discussion point for RAN1#103-e.
Discussion point #1
· Whether/how to support the partially overlapping bandwidth scenario for Rel-16 RIM

Companies are encouraged to provide their views on the necessity/priority for this discussion point and suggested modification/addition of discussion point related to this issue if any.
	Company
	Comment

	Huawei, HiSilicon
	Not agree.
RAN1#AH1901, the following two agreements are made for RIM,
Agreement
The maximum number of candidate frequency resource (Y) for RIM-RS detection is
· 1, for bandwidth < 40 MHz.
· 2, for bandwidth ≥ 40 MHz and < 80 MHz.
· 4, for bandwidth ≥ 80 MHz and ≤ 100 MHz.

Agreement
The RIM RS bandwidth is defined as the number of PRBs.
· For carrier bandwidth smaller than 20MHz, the RIM RS bandwidth is configured as 
· For 30kHz SCS: min{48 RB, carrier bandwidth}
· For 15kHz SCS: min{96 RB, carrier bandwidth}
· For carrier bandwidth larger than 20MHz, the maximum RIM RS bandwidth can be configured from a set of SCS and PRB combination, including
· {15kHz, 96 RB} = 17.28MHz
· {30kHz, 48 RB} = 17.28MHz
· {30kHz, 96 RB} = 34.56MHz
· FFS: other combinations for larger RS bandwidth and/or better frequency utilization
The proposal 2 are obviously not in line with the two agreements above.
Additionally, the scenario targeted by the paper R1-2007911 has been resolved without spec changes as shown in the figure below where two RIM-RS frequency blocks are deployed with independent set ID allocation/mapping. Because there is no remote interference between market A and B, it is not necessary to have joint set ID allocation between them. More importantly, as analysed in S4.2 of the paper R1-2007911, it is not feasible to have joint set ID allocation between two RIM-RS frequency blocks in this scenario. 
In summary, we are afraid that the TEI proposal is unnecessary because the target scenario has been supported by current RAN1 specs.
[image: ]

	Intel
	Agree the partial overlapping issue need to be addressed. Solution alternative 2 is preferred. 

	Ericsson
	[bookmark: _Hlk54247079]First, we would like to emphasize that it is essential that Rel-16 RIM well supports the partially overlapping BW scenario, as that is by far the most common case worldwide. Actually, completely overlapping BW scenario is a special case which only occurs in few areas.

To put it frankly, if the Rel-16 spec cannot be adapted to suit the partially overlapping BW scenario, it will likely not get implemented and instead a proprietary variant will be used. This would be quite unfortunate given the energy that was spent on specifying the RIM solution in 3GPP.
To address Huawei’s comments: The cited agreements were made only considering completely overlapping BW scenario, and in that context they may have been valid. However as is shown our tdoc, those agreements are flawed in the context of partially overlapping bandwidth scenario, and results in a non-functional specification. Therefore, we strongly suggest that 3GPP agrees on that these restrictions are revisited, to facilitate alignment between infra-vendors and operators on the preferred way to operate RIM in partially overlapping BW scenario. As mentioned before, if consensus on this cannot be reached in 3GPP, I’m afraid alignment on a proprietary specification needs to be reached outside this forum.
Regarding the technical comments from Huawei, first, we do not think configuring multiple instances of RIM frameworks with independent RIM set ID pools are well-supported by the current specification. What is supported however is allocating multiple set IDs to the same gNB (set) within the same RIM framework. And even if multiple RIM frameworks were supported, it would complicate the network planning procedure and not scale well. Furthermore, it would only work for the special case illustrated above, and not in the general case of partially overlapping BW scenario.
For instance, what happens if markets A, B, C are all overlapping? Each Market will typically also have several operators, with uncoordinated carrier mapping between markets. Likely, inter-operator coordination needs to be performed for this to work in practice, which would be very difficult and maybe even impossible by partitioning the band in several independent RIM frameworks.


	ZTE
	We think the issue raised in R1-2007911 can be resolved by the current spec, hence, the text proposals are not needed.
First of all, one of the reasons behind the restriction of RIM bandwidth is due to the extensive evaluation of detection performance of RIM-RS during SI phase. For the proposals in R1-2007911, the performance impact should be considered.
Second, the current spec already allows a flexible configuration of RIM-RS. If the remote interference occurs in the deployment scenario illustrated by Figure 4, we agree the solution provided by Huawei without any spec change can address the issue.

	Moderator
	Thank you very much for the feedbacks.
Although this issue is for the maintenance of RIM not TEI, there seems no consensus on that the issue needs to be resolved by new solution with spec change.
Therefore, the final FL proposal on the email discussion scope does not include this discussion point and interested companies are encouraged to discuss the necessity of proposed change via offline towards next meeting if necessary.




3. Aperiodic CSI-RS triggering with beam switching timing of 224 and 336
In [3], it is pointed that although current text in TS38.214 implies that beamSwitchTiming-r16 can have many values, in fact it can only have the two values {224, 336}. Therefore, it is proposed that it is enough to provide the capability, and corresponding TP for TS38.214 is provided.
		Reason for change:
	In Rel-16, a new UE capability has been introduced: beamSwitchTiming-r16. However, the current text in 38.214 indicate that beamSwitchTiming-r16 can have many values, but in fact it can only have the two values {224,336}


	
	

	Summary of change:
	Clarify that the UE capability beamSwitchTiming-r16 can only have the two values {224,336} – it is enough that the UE provides the UE capability 

	
	

	Consequences if not approved:
	Incorrect handling of beamSwitchTiming-r16



[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc36645537][bookmark: _Toc45810582][bookmark: _Toc52457792]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
~
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48} and enableBeamSwitchTiming-r16 is not provided, or is smaller than 48 when the UE provides reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided.
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48} and enableBeamSwitchTiming-r16 is not provided, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the UE provides reported value of beamSwitchTiming-r16 is one of the values {224, 336} and enableBeamSwitchTiming-r16 is provided, periodic CSI-RS, semi-persistent CSI-RS;
-	else if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored; 
-	else if the UE is configured with [enableDefaultBeamForCCS] and when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received.
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold beamSwitchTiming when the reported value is one of the values of {14,28,48} and enableBeamSwitchTiming-r16 is not provided, or is equal to or greater than 48 when the UE provides reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
~
[bookmark: _Toc29673174][bookmark: _Toc29673315][bookmark: _Toc29674308][bookmark: _Toc36645538][bookmark: _Toc45810583][bookmark: _Toc52457793]5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
Beam switch timing:
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48} and enableBeamSwitchTiming-r16 is not provided, or is smaller than 48+  in CSI-RS symbols when the UE provides reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided, where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero
-	if one of the associated trigger states has the higher layer parameter qcl-Type set to 'QCL-TypeD',
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols when the reported value is one of the values {14,28,48} and enableBeamSwitchTiming-r16 is not provided, aperiodic CSI-RS scheduled with offset larger than or equal to 48+  in CSI-RS symbols when the UE provides reported value of beamSwitchTiming-r16 is one of the values {224, 336} and enableBeamSwitchTiming-r16 is provided, periodic CSI-RS, semi-persistent CSI-RS;
-	else,
-	if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
-	else if the UE is configured with [enableDefaultBeamForCCS], when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received. 
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols, when the reported value is one of the values of {14,28,48} and enableBeamSwitchTiming-r16 is not provided, or is equal to or greater than 48+ in CSI-RS symbols when the UE provides reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided, where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14






Based on above, although it may not be in “essential” category, the proposed change would not cause any issue. So, this point can be considered as candidate discussion point for RAN1#103-e.
Discussion point #2
· Whether to adopt TP for TS38.214 in R1-2008210

Companies are encouraged to provide their views on the necessity/priority for this discussion point and suggested modification/addition of discussion point related to this issue if any.
	Company
	Comment

	Huawei/HiSilicon
	We agree with the assessment from FL that this proposal is NOT essential and prefer not to discuss it, especially when there are ongoing correlated discussions in R15 maintenance, R16 TEI, and LS reply to RAN2. 

	Apple
	We are fine to discuss the TP. The current specification is correct too. We believe there is also a RAN2 LS in this meeting regarding this issue. 

	OPPO
	There is no much difference between the current spec and the proposed TP. Thus we prefer to keep the current spec.

	Intel
	Agree with FL assessment. The proposed change improves the quality of the spec and OK to discuss with second priority. 

	Ericsson
	As the FL proposes, we would be OK to include this as an editorial change – we would even prefer to do so.

	ZTE
	Non-essential

	Moderator
	Thank you very much for the feedbacks.
It seems that majority of companies think this is not essential and is not necessary to be discussed. Therefore, the final FL proposal on the email discussion scope does not include this discussion point.

	vivo
	Agree with moderator’s assessment. In RAN2 spec beamSwitchTiming-r16 has only two values.





4. Aperiodic TRS triggering with beam switching timing
In [4], it is pointed that for aperiodic TRS triggering, the case of cross carrier triggering with different numerologies is missing and similar description on QCL as it is described for aperiodic CSI-RS is missing. Therefore, it is proposed to add such descriptions, and corresponding TP for TS38.214 is provided.
		Reason for change:
	Following CR was agreed in RAN1#102e on aperiodic TRS triggering:

For frequency range 2, the UE does not expect that the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported ThresholdSched-OffsetbeamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}.

However, the case of cross carrier triggering with different numerologies is missing, and similar description on QCL as it is decribed for aperiodic CSI-RS is missing.

	
	

	Summary of change:
	In section 5.1.6.1.1, the description similar to cross carrier triggering of aperiodic CSI-RS with different numerlogies and the description on QCL assumption is added.

	
	

	Consequences if not approved:
	The spec is unclear in the case of cross carrier triggering of aperiodic TRS with different numerologies. UE assumption on QCL for reception of aperiodic TRS is unclear.



[bookmark: _Toc11352099][bookmark: _Toc20317989][bookmark: _Toc27299887][bookmark: _Toc29673152][bookmark: _Toc29673293][bookmark: _Toc29674286][bookmark: _Toc36645516][bookmark: _Toc45810561][bookmark: _Toc52457771]5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. 
[bookmark: _Hlk25849405]-	For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. 
-	For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 
[bookmark: _Hlk513180296][bookmark: _Hlk512260067]A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:
-	Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location
-	Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS being 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. For frequency range 2, the UE does not expect that the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48} or beamSwitchTiming + d  when the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero. The UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources and with the same number of CSI-RS resources in a slot. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.
A UE does not expect to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an NZP-CSI-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer parameter timeRestrictionForChannelMeasurements set to 'configured'.
A UE does not expect to be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to other than 'none' for aperiodic NZP CSI-RS resource set configured with trs-Info.
A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info.
A UE does not expect to be configured with a NZP-CSI-RS-ResourceSet configured both with trs-Info and repetition.
Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
-	if carrier , ,  and the carrier is configured in paired spectrum, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is X resource blocks, where  resources if the UE indicates trs-AddBW-Set1 for the trs-AdditionalBandwidth-r16 capability and  if the UE indicates trs-AddBW-Set2 for the AdditionalBandwidth-r16 capability; in these cases, if the UE is configured with CSI-RS comprising X<52 resource blocks, the UE does not expect that the total number of PRBs allocated for DL transmissions but not overlapped with the PRBs carrying CSI-RS for tracking is more than 4, where all CSI-RS resource configurations shall span the same set of resource blocks; otherwise, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. For operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.

-	the UE is not expected to be configured with the periodicity of  slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.


-	the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of slots where 10, 20, 40, or 80 and where µ is defined in Clause 4.3 of [4, TS 38.211]. 
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.



Based on above contribution, this point can be considered as candidate discussion point for RAN1#103-e.
Discussion point #3
· Whether to adopt TP for TS38.214 in R1-2008682 (part 1)

Companies are encouraged to provide their views on the necessity/priority for this discussion point and suggested modification/addition of discussion point related to this issue if any.
	Company
	Comment

	Huawei, HiSilicon
	Not agree. The above sentence “The UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.” seems not related with the different numerology case. By the way, the wording is also misleading due to aperiodic TRS is always QCLed with periodic TRS which was agreed in Rel-15.

	Apple
	We are okay to discuss this issue
1. For the d relaxation when smaller SCS schedules larger SCS, we think it is good to have the TP which is similar as AP-CSI-RS without trs-info captured in section 5.2.1.5.1a in 38.214.
2. For the second part of TP on the QCL, we do not see a strong need.

	OPPO
	Not support the TP since the TP is to introduce some new feature/UE behavior without any agreement

	Intel
	Agree to discuss

	ZTE
	Firstly, the second issue related to QCL indication is redundant. 
Then, we are okay to discuss the first issue that different SCS(s) the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies.

	Moderator
	Thank you very much for the feedbacks.
Unfortunately, there seems no consensus on the TP in R1-2008682 (part 1). However, the intention of TP to cover different SCS case would be reasonable (i.e., not objected) and it may be possible to reach consensus on a certain TP based on discussion.
Therefore, the FL suggestion is to discuss the first part of TP in R1-2008682 (part 1).

	vivo
	Ok, not to  discuss “The UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI”.
Regarding the part covering different SCS, the text is copied from aperiodic CSI-RS section in 38.214, I don’t understand the comments that it is being proposed with agreement. The behavior should be same for aperiodic TRS and aperiodic CSI-RS.





5. Maximum number of configurable CSI-RS resources for L3 mobility
In [2], according to RAN4 LS [7], it is proposed to discuss on following two options to increase maximum number of configurable CSI-RS resources for L3 mobility. Corresponding TPs for TS38.214 are also provided.
· Option 1: Simply update the maximum number of CSI-RS with associated SSB in Rel-16 without any new associated UE capability. Rel-15 specification will have the existing 96 limitation, but Rel-16 specification will have the new 192 limitation. 
· Option 2: Introduce a new UE capability and depending on the UE capability, introduce 196 maximum number of CSI-RS with associated SSB.
	RAN4 has sent a LS to RAN1 and RAN2 in [1]. RAN4 asks RAN1 and RAN2 revisit the maximum number of CSI-RS resources per MO. The following is a copy of the contents of the LS.

	RAN4 is defining measurement requirements for CSI-RS based mobility when single MO is configured per frequency layer in Rel-16. During the discussion, it is found desirable to allow network to configure more than 96 CSI-RS resources with the same centre frequency. 
Therefore, RAN4 kindly asks RAN1 and RAN2 to increase the number of configurable CSI-RS resources per MO from 96 (as indicated in R1-1905909 and captured in current RAN1/2 specifications) to 192, only for the case when CSI-RS is configured with associated SSB.



The maximum number of configurable CSI-RS resource for RRM per MO was decided in RAN1#91 and updated in RAN1 #92 and #92bis.

	Agreements from RAN1 #91:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

	Agreements from RAN1 #92:
	
	Value Range

	ssb-Index
	0, .., 63

	maxNrofCSI-RS-CellsRRM
	96 in case associated-SSB is configured
64 in case associated-SSB is not configured

	MaxNrofPCIsPerSMTC
	64




	Agreement from RAN1 #92bis:
Agreements:
· For FR1: support alt 1 with total maximum number of CSI-RS for L3 mobility as 64.
· For FR2: Support alt 2.
· Alt 1 & Alt 2
· Alt 1) NR supports configuration of mixture of CSI-RS resources with associated SSB and without associated SSB in the same measurement object (e.g. same carrier frequency)
· Alt 2) NR does not supports configuration of mixture of CSI-RS resources with associated SSB and without associated SSB in the same measurement object (e.g. same carrier frequency)




The limitation of the maximum of be CSI-RS resource per MO is limited in RAN1 specification (TS38.214) and RAN2 specifications (TS38.331). The RRC specifications (TS38.331) has a limit of maximum number of CSI-RS configuration per cell per MO to be 96, where number of cells is configured per MO is 96. Given that maximum theorical limit for configuration per MO is actually 96 x 96 = 18816 CSI-RS resources. Therefore, we expect no change to RAN2 specification is needed to accommodate the request from RAN4. The following is a copy of relevant RRC specifications.

	maxNrofCSI-RS-CellsRRM INTEGER ::= 96 -- Maximum number of cells with CSI-RS resources for an RRM measurement object
maxNrofCSI-RS-ResourcesRRM INTEGER ::= 96 -- Maximum number of CSI-RS resources for an RRM measurement object 
maxNrofCSI-RS-ResourcesRRM-1 INTEGER ::= 95 -- Maximum number of CSI-RS resources for an RRM measurement object minus 1

CSI-RS-ResourceConfigMobility ::= SEQUENCE { 
	subcarrierSpacing SubcarrierSpacing, 
	csi-RS-CellList-Mobility SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility, 
	..., 
	[[ 
	refServCellIndex ServCellIndex OPTIONAL -- Need S 
	]]
} 
CSI-RS-CellMobility ::= SEQUENCE { 
	cellId PhysCellId, 
	csi-rs-MeasurementBW SEQUENCE { 
		nrofPRBs ENUMERATED { size24, size48, size96, size192, size264}, 
		startPRB INTEGER(0..2169) 
	}, 
	density ENUMERATED {d1,d3} OPTIONAL, -- Need R 
	csi-rs-ResourceList-Mobility SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility 
}



Based on above the main limitation for the CSI-RS configurations for RRM measurement is provided in the RAN1 specification (TS38.214). The following is a copy of the text limiting the CSI-RS configurations for RRM measurements.

	5.1.6.1.3	CSI-RS for mobility
<text omitted>
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.




The CSI-RS resource configuration limitation is different for CSI-RS resources with and without associated SSB. Also, the LS does not explicitly mention whether the change is expected for FR1 and/or FR2. From our understanding the main motivation for the increase is for network deployments that require large number of beams. This is primary for FR2. However, beams could be used in FR1 as well and could be considered as well as part of the request from RAN4.

In implementation of the requested changes, we believe it may be worth while to discuss on whether new UE capability needs to be introduced for this change. The maximum CSI-RS resource limitation was agreed in RAN1 after extensive debate and discussion balancing the network configuration flexibility and UE complexity for RRM measurements. Assuming that the change is applicable for FR1 and FR2, we believe there are 2 options for the update.

Option 1: Simply update the maximum number of CSI-RS with associated SSB in Rel-16 without any new associated UE capability. Rel-15 specification will have the existing 96 limitation, but Rel-16 specification will have the new 192 limitation. 

Option 2: Introduce a new UE capability and depending on the UE capability, introduce 196 maximum number of CSI-RS with associated SSB.

We suggest to down select from the above two options in RAN1.


Proposal 1:
· Down select among the following options.
· Option 1: Simply update the maximum number of CSI-RS with associated SSB in Rel-16 without any new associated UE capability. Rel-15 specification will have the existing 96 limitation, but Rel-16 specification will have the new 192 limitation. 
· Option 2: Introduce a new UE capability and depending on the UE capability, introduce 196 maximum number of CSI-RS with associated SSB.
· Send reply LS to RAN4 stating the agree options. Also CC RAN2 and state that given that RRC specifications support maximum of 18816 CSI-RS resources per MO, RAN1 assumes no update to RRC specification with regards to measObjectNR IE and related CSI-RS for mobility configurations is need.

TP #1 (option 1) – Only for Rel-16 specification. No shadow CR for Rel-15.
	[bookmark: _Toc11352101][bookmark: _Toc20317991][bookmark: _Toc27299889][bookmark: _Toc29673154][bookmark: _Toc29673295][bookmark: _Toc29674288][bookmark: _Toc36645518][bookmark: _Toc45810563]5.1.6.1.3	CSI-RS for mobility
[bookmark: _Hlk508191601]<unchanged text omitted>
[bookmark: _Hlk515901435]A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 19296 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.




TP #2 (option 2) – Tentative UE capability name of additionalCSIRSMobilityResources-r16 was used in the draft TP.
	5.1.6.1.3	CSI-RS for mobility
<unchanged text omitted>
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR if UE does not support [additionalCSIRSMobilityResources-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR if UE supports [additionalCSIRSMobilityResources-r16] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or,
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.







In [4], the proposal is almost the same as option 2 in [2] as below.
		Reason for change:
	Currently, there is restriction of 96 on the number of CSI-RS resources per MO. Based on latest input from RAN4, it was agreed to increase the number of configurable CSI-RS resources per MO from 96 (as indicated in R1-1905909 and captured in current RAN1/2 specifications) to 192, only for the case when CSI-RS is configured with associated SSB. 

	
	

	Summary of change:
	The number of 96 is further increased to 192 for UE supporting increased number of CSI-RS resources per MO.

	
	

	Consequences if not approved:
	There is restriction of 96 CSI-RS resources per MO.



[bookmark: _Toc52457773]5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UEs not supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
-	with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UEs supporting [increasedNumberofCSIRSPerMO] when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port.



In [5], the proposal seems to be similar to option 1 in [2].
		Reason for change:
	Increase the number of CSI-RS for L3 mobility that can be configured per frequency layer to the UE from 96 to 196 to support multi-beam deployments as per RAN4 request in R1-2007512(R4-2012291) 

	
	

	Summary of change:
	Add a clarification that if multiple MeasObjectNR with CSI-RS resources with a same centre frequency are configured, there cannot be more than 192 CSI-RS resources for L3 mobility on the same (CSI-RS) frequency layer 

	
	

	Consequences if not approved:
	The network configuration capability in multi-beam deployments is restricted.



5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to 'QCL-TypeD', when applicable. 
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and with periodicity greater than 10 ms in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR.
-	with no more than 192 CSI-RS resources with same centre frequency when CSI-RS resources are configured by the different higher layer parameters MeasObjectNR 
For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and there is only one antenna port. 



It is noted that in AI 5 there are number of contributions discussing this issue [8-12].
Based on above, whether/how to address the RAN4 request to increase the maximum number of configurable CSI-RS resources for L3 mobility can be considered as candidate discussion point for RAN1#103-e.
Discussion point #4
· Whether/how to address the RAN4 request to increase the maximum number of configurable CSI-RS resources for L3 mobility or not

Companies are encouraged to provide their views on the necessity/priority for this discussion point and suggested modification/addition of discussion point related to this issue if any.
	Company
	Comment

	Huawei/HiSilicon
	As the source company, we checked with the contact person (our RAN4 colleague) on this. To avoid mismatch with ongoing discussions in RAN4, we prefer simply following RAN4 recommendation to increase the maximum number of configurable CSI-RS resources per MO to 192. We are open to discuss whether or not to add UE capability on this. 

	Apple
	We should discuss it in light of R1-2007512.  
We think discussion of UE capability is unavoidable. Currently, we have maxNumberCSI-RS-RRM-RS-SINR, i.e., FG1-13, with maximum candidate value 96. It is not reasonable to assume that Rel-16 UE is mandated to support the maximum value, i.e. 192. 

	Intel
	Discussion necessary. 
Additionally, RAN1 will need to respond to LS R1-2007512 and send the LS to RAN2 and RAN4.

	ZTE
	We are okay to discuss this next week, including whether or not to add a new UE capability on this issue.

	Moderator
	Thank you very much for the feedbacks.
According to RAN4 request in their LS, this issue should be discussed and also reply LS should be prepared.
Therefore, the final FL proposal on the email discussion scope includes this discussion point, including the discussion on reply LS and necessity of new UE capability.




6. Remaining issues on Rel-16 MIMO
In [6], some remaining issues on Rel-16 NR MIMO are discussed. However, the moderator thinks that such issues should be discussed in NR MIMO maintenance agenda rather than in this agenda. Therefore, the issues discussed in [6] are not considered as candidate discussion points for this agenda.

Companies are encouraged to provide their views on the necessity/priority for this discussion point if any.
	Company
	Comment

	Huawei, HiSilicon
	It’s fine to discuss the listed issues here or in NR-MIMO maintenance session.

	Apple
	It is also proposed in eMIMO maintenance we believe, so we support FL suggestion not to discuss this in TEI. 

	Intel
	This seems new TEI proposals rather than maintenance. OK to discuss, if it is allowed in the current stage. 

	ZTE
	We prefer to discuss these remaining issues in R16 eMIMO maintenance session.

	Moderator
	Thank you very much for the feedbacks.
It seems that majority prefers to discuss proposals in [6] in Rel-16 eMIMO maintenance agenda.
Therefore, as already proposed, the issues discussed in [6] are not included in the final proposal on email discussion scope for 7.2.12.



	Remaining issues for UL full power transmission:
In Rel-15, when 2 PTRS ports are configured for a partial or non-coherent UE, the actual PTRS port is determined by the indicated TPMI and the number of layers of PUSCH as defined in TS 38.214. To be more specific, {port 1000, port 1002} in the TPMI shares PTRS port 0, and {port 1001, port 1003} share PTRS port 1. Since {port 1000, port 1002} and {port 1001, port 1003} will always be used for different layers (DMRS ports) for Rel-15 partial or non-coherent UE, the 2 PTRS ports are associated with different DMRS ports, and occupy different REs. 
However, in Rel-16, for partial or non-coherent UE, {port 1000, port 1002} and {port 1001, port 1003} can be used for rank-1 transmission in full power Mode-1, i.e., using the same DMRS port for the ‘new TPMI’  introduced for full power Mode-1. So, some confusion happens on the current spec when two PTRS ports are configured. Actually, in full power Mode-1 in Rel-16, the 2 PTRS ports are only associated with one DMRS port and occupy the same REs for the new introduced full coherent TPMIs. However, the current spec cannot support the mapping between two PTRS ports to one DMRS ports. To address this issue, the current spec need to be updated with one PTRS port for the new introduced TPMIs for full power Mode-1 when 2-port PTRS is configured. 
During last meeting, there was a discussion on whether the mapping from 2-port PTRS to 1-port DMRS can be supported in current spec. Let’s see the current spec, the mapping between PTRS ports and DMRS ports are one-to-one in FDM manner, e.g., the RE mapping of PTRS ports are shown in 6.4.1.2.2.1 in TS 38.211. So, in current spec, there is no such case that 2-port PTRS mapping to the one DMRS port. For the full coherent precoding , only 1 port PTRS can be used, shown in 38.214:
“If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one if UL-PTRS is configured.”
So, it is ambiguity for supporting two-PTRS ports for the new introduced precoding , in current spec in Rel-16.
To address the issue, the following TP is proposed:
TP1: for Section 6.2.3.1 of 38.214 g30:
	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
< Unchanged parts are omitted >
For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers which are indicated by Precoding information and number of layers field in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNnumberOfLayers:
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:
-	PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1 except for the cases that ul-FullPowerTransmission is configured to fullpowerMode1, and TPMI=2 in Table 6.3.1.5-1, or one of the TPMI 12-15 in Table 6.3.1.5-2 and Table 6.3.1.5-3 in [4, TS 38.211] is indicated.
[bookmark: _Hlk500758550]-	UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI, where 'x' and/or 'y' are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
-	For the cases that ul-FullPowerTransmission is configured to fullpowerMode1, and TPMI=2 in Table 6.3.1.5-1, or one of the TPMI 12-15 in Table 6.3.1.5-2 and Table 6.3.1.5-3 in [4, TS 38.211] is indicated, PUSCH antenna port 1000, 1001, 1002 and 1003 in the indicated TPMI share PT-RS port 0.
< Unchanged parts are omitted >




Remaining issues for Multiple-TRP:
It was agreed that “Out-of-order operation for DL” and “Out-of-order operation for UL” are reported by the UE in 16-2a-2 and 16-2a-3 respectively (per band). As the elaboration shown in the note in 16-2a-3, the UE does not expects to receive same close loop index for power control in two PUSCHs associated with different CORESETPoolIndex. 
Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature”.
However, the note seems to mandate the gNB to implement two different close loops based on UE capability reporting, no matter whether gNB needs 16-2a-3 functionality. It may not be necessary for the network to ALWAYS maintain two closed loop indexes, two values of SRS resource indicator in DCI, and multiple SRS resources (as each closed loop index is mapped to one SRI field value by sri-PUSCH-ClosedLoopIndex). In Rel-16 there is no mandated coupling between DL transmitting TRPs and UL receiving TRPs for Multi-DCI based Multi-TRP transmission. For example, there may be only one TRP for UL reception. It shall be up to the network implementation according to deployment scenarios. 

It was also agreed to discuss further in RAN1: 
Conclusion: 
· No new ASN.1 impact for FG 16-2a-3
· Continue discussion in maintenance session on how/whether to revise the note and/or address in specifications 
From our perspective, it may be more reasonable to capture the note (i.e. scheduling restriction for out-of-order operation for UL) into 38.214 so that gNB/UE vendors can mutually understand what can/cannot do, if a UE reports and supports 16-2a-3.  So we prefer the following TP for 38.214.

Consequence without changes:
There may have potential misalignment between gNB and UE over the interpretation of UE capability’s note. 

TP2:  for 38.214 g30:
	< Start of the text proposal >
6.1	UE procedure for transmitting the physical uplink shared channel
< Unchanged part omitted>
[bookmark: _Hlk26290630]If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, for any two HARQ process IDs  in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of CORESETpoolIndex  that ends later than symbol i and the UE is expected to be configured with the closed loop index for that PUSCH different from that for the first PUSCH.
< End of the text proposal >



Remaining issues for Beam management:
· For default path-loss RS
In current spec, with default PL RS enabled, UE determines PL RS based on the RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP. In addition, for SRS, if CORESETs are not provided in the active DL BWP, UE determines PL RS based on the RS resource with 'QCL-TypeD' in lowest active TCI state for PDSCH. However, as shown in the agreements listed below, TCI state in FR1 does not contain any RS resource with 'QCL-TypeD'. Therefore, the feature of default PL RS update cannot be used in FR1 and RRC reconfigurations may still be required in FR1 to update the PL RS for PUSCH, PUCCH, and SRS. 
	Agreement @ RAN1#91
	QCL linkage for below 6GHz before RRC
	signalling

	SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
	



	QCL linkage for below 6GHz after RRC
	signalling

	TRS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A

	CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A






Observation 1: Existing design of default PL RS is ‘FR2-only’. RRC reconfigurations may still be required to update the PL RS for PUSCH, PUCCH, and SRS in FR1.
From overhead/latency perspective, it is not preferred to do RRC reconfigurations. Such ‘FR2-only’ restriction does not bring any technical advantages but preventing FR1 system to benefit from Rel-16 enhancements. For the feature of default PL RS in particular, it can be supported in FR1 by simply removing the restriction on ‘QCL-TypeD’ RS, and allow other QCL-Type RS to be used as the default PL RS for FR1. 
Summary of changes
Allow non-TypeD QCL reference RS to be used as default PL RS derived from indicated TCI state. 
Consequences if not approved
Default PL RS cannot be supported in FR1.
To summarize above discussions, we have a proposal as follows.
Proposal 1: Allow non-TypeD QCL reference RS to be used as default PL RS derived from indicated TCI state.
An indicative TP is provided as below. Please note that we use SRS power control in TS 38.213 Section 7.3.1 as an example. Similar updates are needed for PUSCH power control in TS 38.213 Section 7.1.1 and for PUCCH power control in Section 7.2.1.
TP3:  for 38.213 g30:
	< Start of text proposal on TS 38.213 v16.3.0 Section 7.3.1>
< Unchanged parts are omitted >
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPL-ForSRS-r16, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD', if there are two RS indexes in the TCI state or the QCL assumption, the UE selects the one corresponding to 'QCL-TypeD', in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP, if CORESETs are provided in the active DL BWP of serving cell 
-	the active PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESETs are not provided in the active DL BWP of serving cell 
< Unchanged parts are omitted >
< End of text proposal on TS 38.213 v16.3.0 Section 7.3.1>



· For ZP and NZP based L1-SINR
Interference measurement with NZP+ZP IMR for L1-SINR reporting was captured in the spec but put under brackets. In previous meetings, companies shared concerns on how to measure from the single ZP IMR if multiple associated CMRs are configured with different QCL-TypeD assumptions. To address this concern, we propose to add a restriction that all CMRs should be QCLed w.r.t ‘QCL-TypeD’ if both NZP IMRs and ZP IMR are configured for L1-SINR reporting.
Summary of changes
Add a restriction that all CMRs should be QCLed w.r.t ‘QCL-TypeD’ if both NZP IMRs and ZP IMR are configured, and remove brackets on interference measurement with NZP+ZP IMR for L1-SINR reporting
Consequences if not approved
Interference measurement with NZP+ZP IMR for L1-SINR reporting is not supported.

Proposal 2: If NZP + ZP IMRs are configured for L1-SINR reporting, the CMRs should be QCLed with respect to ‘QCL-TypeD’.
An indicative TP is provided as below.
TP4:  for 38.214 g30:
	< Start of text proposal  38.214 v16.3.0 Section 5.2.1.2>
	< Unchanged parts are omitted >	
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
-	UE expects that the NZP CSI-RS resources in each NZP CSI-RS resource set for channel measurement are QCLed with respect to ‘QCL-TypeD’.
< Unchanged parts are omitted >
< End of text proposal  38.214 v16.3.0 Section 5.2.1.2>



· For NZP CMR without QCL indication
In current spec, it is allowed that a periodic NZP CSI-CS resource without QCL indication to be configured as CMR of L1-SINR measurement. In this case, the UE assumption/expectation is unclear. Therefore, it is necessary to specify UE assumption/expectation for NZP CSI-RS without QCL indication when used as CMR for L1-SINR measurement.  
Summary of changes
When a periodic NZP CSI-RS resource without QCL indication is configured as CMR for LI-SINR measurement, a UE may assume all instances of the periodic NZP-CSI-RS resource are transmitted with the same downlink spatial domain transmission filter.
Consequences if not approved
Unclear UE assumption/expectation when a periodic NZP CSI-CS resource is configured as CMR for L1-SINR measurement but without QCL indication.

Proposal 3: When no QCL assumption is provided for a periodic NZP CSI-RS resource as CMR for L1-SINR measurement, the UE may assume all the instances of this CSI-RS are transmitted with the same downlink spatial domain transmission filter.
An indicative TP is provided as below:
TP5:  for 38.214 g30:
	< Start of text proposal on TS 38.214 v16.3.0 Section 5.2.1.2>
< Unchanged parts are omitted >
[bookmark: _Hlk23668618]For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement on NZP CSI-RS for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
-	UE may apply the SSB, or 'QCL-TypeD' RS configured to the NZP CSI-RS resource for channel measurement, as the reference RS for determining 'QCL-TypeD' assumption for the corresponding CSI-IM resource or the corresponding NZP CSI-RS resource for interference measurement configured for one CSI reporting.
-	UE may expect that the NZP CSI-RS resource set for channel measurement and the NZP-CSI-RS resource set for interference measurement, if any, are configured with the higher layer parameter repetition.
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
If a periodic NZP CSI-RS resource for channel measurement for L1-SINR computation is configured without the high layer parameter of qcl-InfoperiodicCSI-RS, UE may assume all the instances of the periodic NZP CSI-RS resource are transmitted with the same downlink spatial domain transmission filter.
< Unchanged parts are omitted >
< End of text proposal on TS 38.214 v16.3.0 Section 5.2.1.2>








7. Conclusion
Based on the email discussion in preparation phase, it was agreed to have following email discussions in RAN1#103-e.

[103-e-NR-TEIs-01] Email discussion/approval for potential CR(s) for aperiodic TRS triggering with beam switching timing (26th - 29th Oct) – Hiroki (DCM)
1. Discuss necessary update of TS38.214 5.1.6.1.1 for the case of cross carrier triggering with different numerologies (based on first part of proposed TP in R1-2008682 (part 1))

[103-e-NR-TEIs-02] Email discussion/approval for potential CR(s) and reply LS for maximum number of configurable CSI-RS resources for L3 mobility (26th - 29th Oct) – Hiroki (DCM)
1. Discuss necessary update of TS38.214 5.1.6.1.3 to increase maximum number of configurable CSI-RS resources for L3 mobility according to RAN4 request
1. Discuss whether/how to introduce new UE capability for the increased maximum number of configurable CSI-RS resources for L3 mobility
1. Discuss reply LS to RAN4 (and RAN2)
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