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1. Introduction
This contribution summarizes the NR Rel-16 TEI related discussions and proposals in AI 7.2.14. According to the agreed TEI guidance in [1], proposals supported by at least 1 operator, 1 infra vendor and 1 UE vendor will be prioritized over other proposals. Following is a list of proposals with supporting companies.
· 2. Downgrading configuration of SRS for antenna switching [2, 11]
· Support: OPPO, CMCC, ZTE, Nokia, Nokia Shanghai Bell, APT, AT&T, Xiaomi, Spreadtrum Communications, Huawei, HiSilicon, Ericsson (12 companies)
· Concern: Qualcomm
· 3. Aperiodic RS triggering offset [3]
· Support: ZTE, Sanechips (2 companies)
· Concern: Huawei, HiSilicon, Qualcomm
· 4. TRS for FR1 [4]
· Support: CMCC, ZTE, Huawei, HiSilicon, CATT, vivo, Nokia, Nokia Shanghai Bell (8 companies)
· Concern: Qualcomm
· 5. Rate matching pattern overlapping with PDSCH DMRS symbols [5]
· Support: Huawei, HiSilicon, SoftBank, China Telecom, Orange, KDDI, China Unicom, Sprint, Nokia, Nokia Shanghai Bell, CATT, AT&T (12 companies)
· Concern: Intel, Qualcomm
· 6. QCL Type D conflict between PDSCH and CSI-RS in FR2 [6]
· Support: Intel Corporation, NTT DOCOMO, Verizon Wireless, Ericsson, ZTE, Apple (6 companies)
· Concern: Huawei, HiSilicon, Qualcomm
· 7. UE capability on PDCCH monitoring occasions for Case 2 with a span gap [7]
· Support: MediaTek (1 company)
· Concern: 
· 8. Default PDSCH beam decoupled from PDCCH beam [8]
· Support: Qualcomm, NTT DOCOMO, AT&T (3 companies)
· Concern: Ericsson, Huawei, HiSilicon, Nokia, ZTE
· 9. RACH configuration considering TDD configuration for FR1 [9]
· Support: NTT DOCOMO, INC., Ericsson, SoftBank, Sharp, Nokia, Nokia Shanghai Bell, Sprint, LG Electronics (8 companies)
· Concern: Huawei, HiSilicon

In addition, remaining issue on Rel-16 NR TEI for DSS enhancement, such as how to implement the agreed LTE-CRS rate matching patterns in specifications, is discussed in [10].

According to offline email discussion, followings are proposed from the feature lead.
FL proposal:
Following items are to be discussed and solved in Q4 2019 as Rel-16 NR TEI.
· Downgrading configuration of SRS for antenna switching as proposed in R1-1911456
· TRS for FR1 as proposed in R1-1911434
· Rate matching pattern overlapping with PDSCH DMRS symbols as proposed in R1-1910417
· RACH configuration considering TDD configuration for FR1 as proposed in R1-1911191
· QCL Type D conflict between PDSCH and CSI-RS in FR2 as proposed in R1-1910686
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2. Downgrading configuration of SRS for antenna switching
In [2], following issue is raised.
	Current specification supports SRS resources for antenna switching, which are used for DL CSI acquisition. The configuration of SRS resources for antenna switching strictly depends on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, or 't4r4' for 4T=4R) as follows
	srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }


For each UE capability reporting, the gNB has to configure SRS resources strictly with specified number of ports and specified number of SRS resources, which are determined by the UE capability.
~
For a UE with PA architecture shown in Fig.1, which is able to support 1T2R (‘t1r2’) and 2T4R (‘t2r4’), it is natural to report the support of 2T4R (‘t2r4’). Then the gNB would have to always configure one or two sets of two SRS resources and each SRS resource with two SRS ports. The gNB can’t configure the UE to perform 1T2R to save SRS resources by current specification.  
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Figure 1: A SA UE with 2 Tx antennas
~
In a summary, a UE reporting to support xTyR or xT=yR may be able to support configurations of SRS resource(s) with less than x ports and/or less SRS resources, and the gNB may also have implementation requirement to configure less SRS resources and/or less SRS ports for high uplink resource efficiency. But the current specification does not allow this type of configuration. 
Meanwhile, from the perspective of UE power consumption, UE can also benefit from the downgrading configurations of less SRS resources and/or SRS resources with less SRS ports.



9 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	Ericsson 
	Support the proposal

	ZTE
	We support this proposal.

	
	





In [11], following solution is proposed to solve above issue.
	In order to address the above-mentioned issue, Rel-16 should allow gNB to configure less SRS resources or SRS resources with less ports for SRS Tx port switching than the UE capability reporting. A straightforward method is introducing some new UE capabilities, similar to 1T4R/2T4R in Rel-15. Thus we have the following proposal:
Proposal 1: For the UE sounding procedure for DL CSI acquisition, Rel-16 supports the following UE capabilities in additional to Rel-15 UE capabilities
· t1r1-t1r2  
· t1r1-t1r2-t1r4
· t1r1-t1r2-t2r2-t2r4
· t1r1-t2r2
· t1r1-t2r2-t4r4




11 companies supported above proposed solution. Other companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	vivo
	We would like to understand the motivations, use cases for introducing these combos, t=r was introduced to indicate UE doesn’t support SRS antenna switching, in 38.214 it is captured in the section for “DL CSI acquisition”. From our point of view, it is up to gNB whether to utilize SRS configured for UL codebook to obtain DL CSI, spec doesn’t preclude. For example, if UE reports 1t2r SRS switching capability and gNB wants to configure as 1t1r, gNB can use SRS for codebook with 1 port, and since SRS for codebook and txconfig are configured separately, if gNB doesn’t want to configure codebook base transmission it can choose not to configure txconfig and use SRS for codebook for DL CSI acquisition. gNB configuration flexibility already supports the functionality intended by additional t=r combinations.

	Ericsson 
	Support the proposal.
Comment to vivo: An SRS configured for UL codebook cannot be used by gNB to derive DL CSI since UE may use a different antenna virtualization. For example, if a UE has 2 TX capability, even if we configure 2 port UL codebook for UL MIMO, we cannot use this for reciprocity, we need to configure another SRS resource with “antennaswitching” and 2t=2r. Hence double SRS resource overhead is unfortunately the end result. If everyone have the same understanding that it is possible to use the SRS for codebook also for reciprocity use case in this example, then we could add a sentence in 214 that clarifies this, and we avoid dealing with this in Release 17.

	Vivo2
	Regarding Ericsson’s comment above, now I am completely puzzled. What kind of typical UE implementation are considering? Why would one UE virtualize antenna for supporting codebook based UL transmission? This is very closely related to UE hardware implement and an UE may simply choose not to support SRS antenna switching. This UE when transmit SRS, gNB doesn’t want to support DL CSI acquisition based on SRS measurement? Is this the gNB implementation you are considering?  

	OPPO
	After discussions with many companies, we update our tdoc with the following updates  [11]
· Change t1r1-t1r2- t2r4  to be t1r1-t1r2-t2r2-t2r4
· Correct two typos
· 1T4T -> 1T4R
· 4T4R -> 4T=4R
· Add more supporting companies (Huawei, Hisilicon)
Accordingly, Proposal 1 is updated as follows
· ‘t1r1-t1r2-t2r4’ is changed to be ‘t1r1-t1r2-t2r2-t2r4’
I think Ericsson can still be ok with the update one as I have talked to Mark about this change.
Response to vivo’s comments: It is benefical to offer the flexibilit at NW side to support the decouple of SRS resource for DL CSI acquisition and SRS resource for PUSCH. The main reason is that SRS resource for DL CSI and SRS resource for PUSCH may have different requirements, e.g., power control, bandwidth. From the perspective of specification, we don’t need to forbid such kind of flexibility by taking into acount that Rel-15 has supported this kind of flexibility.

	Nokia
	Support this proposal. As a response to Vivo’s comments, to support oodebook based PUSCH, SRS for codebook will have SRS antenna ports the same with maximum PUSCH layer. Or at least, the recent SRS transmitted for codebook should have the same number of antennas ports with maximum PUSCH layer, if multiple SRS resource sets are configured for codebook. In gNb’s perspective, it is too large restriction.

	ZTE
	We are OK for the updated proposal since most flexibility can be achieved at gNB side.

	CATT
	The intention of this proposal is in general fine to us. However we are not quite sure if we need to introduce so many new UE capabilities. A simpler solution would be to keep the current list of UE capabilities, and allow gNB to configure SRS as long as the number of SRS ports is fewer than the reported UE capability.  

	Qualcomm
	Trying to clarify the target configuration case. Per our understanding, the proponents want to introduce partial reciprocity-based operation. With an example: the UE is configured with a TDD serving cell with 4-layer DL and 1-layer UL. Assume the UE indicated [… 1T2R, 1T4R] capability. Then the UE could be configured with 4-layer DL and 1T2R, which supports partial reciprocity-based operation for the DL. With that clarification, we are ok with this proposal. 

	Vivo4
	After reading above comment, now I am completely confused the purpose of this discussion. SRS antenna switching was introduced in Rel-15 for full reciprocity at gNB in first place. For partial reciprocity what is the reason for SRS antenna switching? What level of partial reciprocity we are targeting? gNB can obtain partial reciprocity with 1 port SRS  port.

	Samsung
	We are fine with the proposal in principle, but have several comments on the proposed TP.
1 “'t1r1-t1r2' for 1T=1R/1t2r” should be “'t1r1-t1r2' for 1T=1R/1T2R”, we guess.
Re the change “If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).”, we think simply removing the condition may cause misunderstandings and feel that it is needed to clarify that this is for the SRS resource set “with the higher layer parameter usage configured as 'antennaSwitching'”.





3. Aperiodic RS triggering offset
In [3], following issue is raised.
	· The triggering offset of aperiodic CSI-RS/SRS is defined as the slot offset between the slot with PDCCH triggering the CSI-RS/SRS and the slot with CSI-RS/SRS transmission.
· In NR Rel-15, triggering offset of A-CSI-RS/SRS resource can only be configured per resource set in RRC.  
· For usages of ‘codebook’, ‘non-codebook’ and ‘antennaSwitching’, only one aperiodic SRS resource set for each usage is supported.  Hence only one triggering offset is allowed for each usage.
· Considering typical slot format “DDDSU”, triggering offsets 0 to 4 are possible and there are 8 cases for A-SRS trigger if we consider only 5 slots.  e.g. If we configure slot offset = 2, we only can support 2 cases.  If we want to use other slot offset e.g. offset=0 for fast triggering, it cannot be done unless RRC reconfiguration is done.
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· A-SRS can only be triggered with UL/DL grant.  A-CSI-RS can only be triggered using DCI format 0_1.
· This limits the choice of possible PDCCH and RS locations.  With these restrictions on all UEs, PDCCH may be overloaded in certain locations more easily which can cause PDCCH blocking issue.
· Slot format can be dynamically updated by DCI format 2-0.
· The issue becomes more serious if we consider dynamic slot format. 
· When SFI is indicated by DCI, the RRC configured slot offset may not be suitable anymore, as the following examples. The specification prohibits NW to do the DCI indication. This will either restrict RS triggering or SFI indication on slot format.
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2 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	vivo
	It has been discussed in Rel-15 and some companies pointed out the restriction and also proposed to use functionality as in LTE, and there are discussion addressing this issue in Rel-17 MIMO enhancement scope as well.

	Ericsson
	We are supportive of the proposal. As has been pointed out, Rel-15 NR is more restrictive in SRS triggering flexibility than LTE and this should be addressed, either as Rel-16 TEI or as a Rel-17 MIMO enhancement.

	Huawei, HiSilicon
	It has been discussed in Rel-15 SRS design for antenna switching. Postposing AP CSI-RS or SRS transmission may not be the only solution to address raised issues and other solutions may have less RAN1/RAN2 impact. For Rel-15/16, in our understanding, existing mechanism shall be sufficient for NR deployment. Therefore, it can be further discussed in Rel-17 MIMO enhancement.

	CATT
	We are in general fine with the intention of this proposal. The solution needs more discussion.

	Qualcomm
	Per our understanding, the proposal doesn’t try to solve any RS (CSI-RS or SRS) capacity limitation but rather targets improving control capacity for DCI used to trigger the RS. We are not yet convinced that there is a control capacity problem to be solved. 




In [3], following solution is proposed to solve above issue.
	· Proposal: Postpone the transmission of AP CSI-RS/SRS to the next valid slot, rather than cancelling it.
· If the configured triggering offset sets at least one aperiodic CSI-RS(SRS) resource in the triggered aperiodic CSI-RS(SRS) resource set on at least one UL(DL)  symbol of if the triggering offset is not configured for the triggered aperiodic CSI-RS(SRS) resource set, the aperiodic CSI-RS(SRS) resource set is transmitted on the next valid slot after the slot corresponding to the triggering offset. 
· The slot is considered as valid if there are available DL(UL) symbol(s) for the configured time-domain location(s) in a slot for all the CSI-RS(SRS) resources in the resource set and if it satisfies the minimum timing requirement between triggering PDCCH and all the CSI-RS(SRS) resources in the resource set.
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2 companies supported above proposed solution. Other companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	Ericsson
	Regarding the details of the proposed solution, we think it is a bit restrictive since for instance with a TDD pattern such as DDDUU, the SRS can only skip forward to the next UL slot i.e. the first ‘U’ slot. It would be desirable from NW flexibility perspective to make it possible for the SRS to skip forward to either the first or second ‘U’
This could be achieved for instance by defining the slot offset as n+k+Δ, where n is the slot of the PDCCH, k is the indicated slot offset of the SRS resource and Δ is such that slot “n+Δ" is the next “valid slot where an SRS could be transmitted”. The gNB could indicate k=0 and k=1 in all D slots of the frame structure to trigger SRS in either the first or second ‘U’ slot, like this: 
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	Qualcomm
	It seems that a complete definition of this feature may be a bit more involved.  There would need to be limits defined on what the latest time is to change duplex direction relative to the triggering of the reference signal, among other things. 

	
	





4. TRS for FR1
In [4], following issue is raised.
	Considering that TRS can only be transmitted in downlink symbols, there might be two different interpretations for the two consecutive slots of TRS configuration. 
· Interpretation 1: as illustrated in figure 1, the two consecutive slots are slot n and slot n+1. 
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Figure 1: Interpretation 1 for the two consecutive slots of TRS configuration
· Interpretation 2: as illustrated in figure 2, the two consecutive slots could be slot n and slot n+k. Both slot n and slot n+k are downlink slots, and slot n+k is the next downlink slot after slot n.
[image: ]
Figure 2: Interpretation 2 for the two consecutive slots of TRS configuration
After further discussion with some companies, it seems that interpretation 1 is the common understanding in RAN1, Following interpretation 1, there might be some scenarios in which we can never find such kind of two consecutive slots for FR1. The scenario is further explained below. As an operator, we are planning how to use our 4.9GHz TDD frequency resources. One important usage is to deploy NR network for vertical sectors at 4.9GHz, e.g., industries, ports, etc, and the mobility of UEs in the typical scenarios is low. Two of most important requirements of verticals are uplink data rate and latency. These two metrics are greatly related to the TDD UL-DL configuration. One important TDD UL-DL configuration, as illustrated in figure 3, that we plan to use in our 4.9GHz NR network for verticals is 1ms periodicity with D+S configuration (e.g, 2GP:12UL for the special slot) and SCS 30KHz, since this TDD UL-DL configuration can provide good latency performance and good trade-off between DL and UL data rate. 
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Figure 3: One most important TDD DL-UL configuration for 4.9GHz NR network deployed for verticals
After discussion with some companies, it seems that TRS cannot be configured based on current TS38.214 if the TDD DL-UL configuration illustrated in figure 3 is used. That means, UE may consider it as an error configuration if the UE is configured with a NZP-CSI-RS-ResourceSet with the higher layer parameter trs-Info as illustrated in figure 4, consisting of four periodic NZP CSI-RS resources in two consecutive slots, where one of two slots is DL and the other one is UL. However, in order to enable TRS at least for scenarios described above, such kind of TRS configuration should be allowed and UE should consider it as a valid configuration. With this kind of configuration, UE will ignore the NZP CSI-RS resources configured in the uplink symbols, and just rely on the NZP CSI-RS resources configured in the downlink symbols.
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Figure 4: TRS configuration following interpretation 1



2 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	vivo
	It is a valid deployment scenario, current spec doesn’t allow TRS configuration in such deployment scenario

	Ericsson
	It is an important issue for the future and the earlier release we can fix this, the more useful it will be.

	Huawei, HiSilicon
	The two slots TRS can be configured for such cases. During the discussion in Rel-15, we have clarified such special cases that gNB can configure two-slot TRS in such cases, then UE can drop one of slot which is not valid slot for DL (UE and gNB both know the scheduling for UL or DL, there is no any confusion). Please note that there is no any restriction for configuration of TRS in current spec.

	ZTE
	We think this deployment scenario is important and support the corresponding proposal. The spec impact is minor since one slot TRS has been supported in FR2 already.

	Qualcomm
	We would prefer the original proposal, i.e. not to have implicit dropping of slots but rather the TRS should be properly configured. If one-slot TRS needs to be processed, then one-slot TRS should be introduced and configured. 

	Samsung
	We prefer to keep 2 valid consecutive TRS slots in FR1 since we observed considerable performance degradation on Doppler spread estimation when 2 consecutive slots are not utilized.




In [4], following possible solutions are proposed to solve above issue.
	Proposal 1: Make a conclusion that, for FR1 in Rel-16, UE considers it as a valid configuration if it is configured with a NZP-CSI-RS-ResourceSet with the higher layer parameter trs-Info consisting of four periodic NZP CSI-RS resources in two consecutive slots, but one of the two consecutive slots is not a downlink slot.




Companies are encouraged to provide their views on proposed solutions and potential alternative if any.
	Company
	View

	Ericsson
	We don’t immediately support the stated Proposal, RAN1 need to discuss possible solutions, e.g., extending the FR2 solution to FR1 as well.

	Huawei, HiSilicon
	We support this clarification

	ZTE
	Either proposal stated above or extending one slot TRS to FR1 is OK for us. Both solutions have minor spec change with the same intention.

	CMCC
	We found that there were related discussion in Rel-15,  in feature leader summary R1-1805694 in RAN1#92bis meeting, the following was stated: 
Possible Agreement:
· Alt. 1: For FR1, don’t support X=1, but the TRS symbols can be truncated 
· Note: the concept is the same as the reduced DMRS symbol number when the PDSCH duration is changed
· Alt 2: X=1 for FR1 is not supported in Rel-15 and TRS symbols cannot be truncated 

Conclusion:
X=1 for FR1 is not supported in Rel-15

Basically, our current proposal has the same meaning as Alt.1.  We are worrying about that some companies consider that the current spec is more like Alt.2, so it is important to make a clear conclusion on this in order to enable the scenario above. To facilitate discussion, we also copy and paste the related paragraph of TS38.214 below:

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. 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. 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.  

	Qualcomm
	We do not support this particular solution in its current form because it would imply that the UE has to dynamically change TRS processing assumptions given that the SFI can dynamically change duplex direction. 





5. Rate matching pattern overlapping with PDSCH DMRS symbols
In [5], following issue is raised.
	Regarding the conditions of “collision between PDSCH DMRS REs and REs not available for PDSCH”, two alternatives can be as follows:
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern. 
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
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Alt. 1							Alt. 2
Figure 1 Illustrations of Alt. 1 (Left) and Alt. 2 (Right)
~
In RAN1#97 meeting, there was a conclusion that alternative 1 is RAN1’s common understanding in Rel-15 [4]. Companies thought it was too late for Rel-15 UEs even though Alt. 2 clearly outperforms Alt. 1.
	Conclusion:
· Alt 1 in R1-1907489 is RAN1’s common understanding
· No spec update is necessary


~
For Alternative 1, to avoid any collision between DMRS and RM pattern, a gNB is restricted with only two choices left. The first one is that a serving cell may never be configured with any RM pattern overlapping with either front-loaded DMRS or additional DMRS symbols.
~
The second choice is that a gNB never schedules contiguous PDSCH PRBs overlapping with any RM patterns. To be specific, when resource allocation type 1 is applied, only the PRBs on one side of the reserved PRBs can be scheduled for NR PDSCH as depicted in Figure 2, and thus at most half of the PRBs may not be schedulable simultaneously for a UE when the center PRBs within the bandwidth part is configured for rate matching or SSB.
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Figure 2. Illustration of Alternative 1 with resource allocation type 1
~
As shown in Figure 3, it requires 3 RBGs to cover a SSB and RM pattern of 20-PRB in width, which costs additional 28 PRBs wasted.
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Figure 3. Illustration of Alternative 1 with resource allocation type 0
~
Moreover, it is noticed that REs not available for PDSCH also includes REs containing SSB. For SSB, its candidate symbol locations are very likely to be the same as that of configured DM-RS including both front-loaded and additional DMRS. Taking Case A SSB and Type A PDSCH for example, the SSB#0/2/4/6 will always overlap with front-loaded DM-RS of Type A PDSCH, and the SSB#1/3/5/7 collide with additional DM-RS especially for the cases where more than one additional DMRS are configured. As mentioned above, to avoid collision between PDSCH DM-RS and SSB, at most 3 RBG cannot be scheduled when downlink resource allocation type 0 is adopted. That is, 48 PRBs within the BWP cannot be used for scheduling PDSCH when the size of BWP is larger than 144. When resource allocation type 1 is applied, the scheduled NR PDSCH shall only occupy the PRBs on one side of the SSB. Namely, there are huge restrictions for scheduling PDSCH.
Observation: It will cause huge restrictions for scheduling PDSCH when UE does not handle the case where PDSCH DM-RS are overlapping with SSB.
Note that, above scheduling restriction issue can be tackled by adopting Alternative 2 where a dedicated rate matching pattern is configured to cover the SSBs. But this approach is clearly unnecessary and causes waste of rate matching configurations whose available number per serving cell is limited to 4 [5]. Therefore, it is preferred to handle the case by introducing specified UE behavior. Namely, the DM-RS associated with scheduled or configured PDSCH can overlap with SSB, while the collision will be resolved by aligned understanding between network and UE.
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~
It is worth mentioning that there is no difference between Alternative 1 and Alternative 2 when PRG is determined as “wideband” as in subclause 5.1.2.3 of TS 38.214. In this case, the UE assumes that contiguous PRBs are scheduled for PDSCH where DM-RS REs are always transmitted, i.e. those DM-RS REs are supposed to be never overlapping with any RM pattern. As for cases of PRG configured as 2 or 4, it should be emphasized that the RM pattern or SSB may not always contain an integer number of intact PRGs. In other word, RM pattern or SSB may not be aligned with PRG boundary. In this case, there would exist some PRGs containing PRBs not available for PDSCH DMRS. Apparently, such fractional PRGs will cause extra complexity or performance degradation for UE channel estimation.



2 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	SoftBank
	We think this is an important issue, and would like to fix it in Rel-16.
The similar issue has happened for LTE, which is so called “pdsch-CollisionHandling” and fixed in Rel-13. The same motivation applies here: from operator point of view, achieving higher peak data rate and efficient use of radio resources is very important to make NR attractive compared with LTE.

	Orange
	The proposed solution brings flexibility to PRB rate matching which is important for forward compatibility and LTE-NR coexistence. The additional complexity at the UE side seems to be acceptable for a TEI.

	KDDI
	A flexibility on PRB rate matching is important for making LTE-NR coexistence better performance corresponding to various use cases. 

	China Unicom
	We think this is an important issue, and would like to fix it in Rel-16.
The similar issue has happened for LTE and is fixed in Rel-13. From operator point of view, it has a large benefit for improving the spectrum efficiency and achieving higher peak data rate. So we think it is necessary to fix the issue in Rel-16.

	Sprint
	We hold a similar view to other operators' comments  Efficient use of radio resources is vital to success of NR, and we think this should be addressed in Rel-16.

	Intel
	We have concerns on the TEI proposal #5. Although the proposal tries to improve the efficiency of resource utilization (similar to LTE), based on analysis we made for LTE for the same enhancement the overall performance gain of the spec based collision handling over transparent scheduling based approach was very small. In addition, considering the sync raster for NR is much more flexible then in LTE the difference could be even further minimized. From this perspective, we would prefer to see more solid analysis for the proposal form the proponent (which also takes into account measurements gaps that may be configured for the UE) showing the gains before starting the normative work for this enhancement.

	AT&T
	We strongly urge RAN1 to support Alt. 2 as depicted above by agreeing this TEI to guarantee efficient coexistence of NB-IoT and/or eMTC in deployments where they overlap with NR in the same spectrum




In [5], following solution is proposed to solve above issue.
	On the other hand, for Alternative 2, there is no such above restrictions for scheduling with resource allocation type 0/1, which achieves maximum peak downlink throughput for a UE. It also supports forward/backward compatibility better than Alternative 1. Additionally, the case, as shown in Figure 4, which has been precluded by previous Rel-15 conclusion is still prevented by Alternative 2 because for those green PRBs on the right hand of red unavailable resource blocks, their front-loaded DMRS REs are expected to be transmitted but overlapped with unavailable resource blocks. Then, DMRS within each PRB can be kept in “box”. In other words, front-loaded and additional DMRS should be both kept or both punctured.
~
To tackle this issue, two options can be considered for the cases of PRG configured as 2 or 4:
· Option 1: Fractional PRG is not allowed. 
· Option 2: Fractional PRGs are allowed but with limited number, e.g., 4.
By comparing the two options, it is obvious that Option 1 also makes too strong restrictions on the configuration of RM patterns, and once again, it will prevent the gNB from better supporting forward compatibility and LTE-NR coexistence. Moreover, such option cannot resolve the popular issue of SSB which causes huge restrictions for PDSCH scheduling. 
While for Option 2, at least a limited number of RM patterns can configured in a flexible manner which is better to support forward compatibility and to satisfy the need of coexistence between LTE and NR. Also, the collision between SSB and DMRS can be resolved successfully. And with limited number of fractional PRG, the UE complexity improvement and performance degradation will be negligible.
Therefore, regarding the conditions of a collision between PDSCH DMRS REs and rate-matching patterns/SSB, we give the following proposal and an example CR is attached for discussion.
Proposal: A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to SSB or rate matching patterns.
· The number of fractional PRGs scheduled in the DCI is limited to 4 where a fractional PRG contains at least one PRB not available for PDSCH DMRS in any scheduled symbol for the PDSCH.
~


A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps, even partially, with any RE(s) not available for PDSCH. If PRG size  is determined as "wideband", the UE is not expected to be scheduled with any PRB not available for PDSCH DM-RS in any scheduled symbol. If  is determined as one of the values among {2, 4}, the UE is not expected to be scheduled with more than 4 PRGs which each contains at least one PRB not available for PDSCH DM-RS in any scheduled symbol.



2 companies supported above proposed solution. Other companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	Nokia
	Support the proposal with the following clarification
Proposal: A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to SSB or rate matching patterns.
· The number of fractional PRGs scheduled in the DCI is limited to 4 where a fractional PRG contains at least one PRB not available for PDSCH DMRS in any scheduled symbol for the PDSCH.where PDSCH DMRS overlap with any REs corresponding to SSB or rate matching patterns. 
· fractional PRGs at the edges of BWP do not count into the limit of 4

	ZTE
	We think this is an issue to be solved, but more discussion is needed on the detailed proposal. 
It's okay to us to adopt Alt 2, but it needs to be clarified whether non-available DM-RS RE includes REs which are indicated as CDM group without data or just includes REs which DMRS sequence is mapped on.
We think more discussion is needed to understand why wideband PRG is an issue. PRG size just indicates whether same or different precoders are used in different RBs. How to use this for channel estimation is up to implementation.

	CATT
	This issue has been discussed in Rel-15 CR phase, but unfortunately not been resolved in Rel-15. It is important for fully utilizing system resource and network operation flexibility. We support to resolve the issue in Rel-16. 

	Qualcomm
	As mentioned in at least two different RAN1 meetings already, we are not ok with the currently proposed solution. In order to solve the targeted problem, only simple rate matching patterns need to be considered for support.  The way the current proposal is written, the UE would have to deal with potentially four completely different rate matching patterns in four different DM-RS symbols, synthesize a union of them and use that for data rate matching. This is unnecessary, since it has nothing to do with the targeted use case. So we think the proposal should be changed to cover only those simple rate matching patterns that are relevant. Without that, it would be difficult to agree. 
Regarding fractional PRGs, we would prefer not to include them. 

	Samsung
	We think the condition “if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to SSB or rate matching patterns” is too general to agree on without any limitations/relaxations. We may be fine to agree with SSB first, and need more discussions on rate matching patterns.





6. QCL Type D conflict between PDSCH and CSI-RS in FR2
In [6], following issue is raised.
	In this contribution, we assume that the value reported by a UE for maxNumberActiveTCI-PerBWP is 1 according to UE feature 2-4 (mandatory). This implies the UE supports 1 active TCI state per BWP per CC for PDCCH and PDSCH. Further, a UE is required to track only the active TCI state. The expected behavior when such a UE is configured with CSI-RS for RLM, CSI-RS with repetition (beam management), CSI-RS for BFD on the same OFDM symbol as a potential or actual PDSCH allocation is specified in 38.133 sections 8.1.7.3, 8.5.7.3 and 8.5.8.3. CSI-RS based RRM requirements are not specified in Rel-15.
However, the expected UE behavior when such a UE is configured or aperiodically assigned a CSI-RS for CSI or TRS in the same OFDM symbol as a potential or actual PDSCH allocation is not specified. This places limitations on CSI-RS scheduling in Rel-15 e.g. such a UE cannot be scheduled with CSI-RS for CSI with a non-active TCI state or a TRS without a QCL Type-D assumption in Rel-15. Note that the QCL Type-D assumption for CSI-RS for CSI need not be the same as that of the active TCI state and can be obtained from a non-TRS resource such as SSB or CSI-RS for beam-management. Consequently, we think such unnecessary limitations can be removed and UE behavior clarified in specifications.



4 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	vivo
	This TEI proposal talks about UE buffering behavior when PDSCH before threshold and CSI-RS overlap. The issue itself is valid and already been discussed in Rel15.

	Huawei, HiSilicon
	In Rel-15, we have already had a default QCL assumption for PDSCH reception, we are not sure how much performance gain with this TEI.

	CATT
	This issue is valid and has been discussed in Rel.15 beam management where different signals with contradicting QCL-type-D co-exist in the same symbol. Support discussion for a solution. 




In [6], following solution is proposed to solve above issue.
	We first consider the case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset less than timeDurationForQCL. 
This case is shown in Figure 1. In slot n, UE uses default PDSCH beam that conflicts with the CSI-RS QCL Type-D assumption assigned in the same slot (actual PDSCH is not assigned). This case can occur often. In slot (n+1), an actual PDSCH is scheduled by DCI in the same slot with a QCL Type-D assumption that is not aligned with the QCL Type-D assumption for the CSI-RS (in the same slot). UE behavior in terms of QCL Type D assumption cannot be different between slot n and (n+1) because the timeDurationForQCL value is at least 14 OS for 120 kHz SCS. Thus, although the conflict in slot (n+1) can be avoided by scheduler restriction, the conflict in slot n cannot be avoided.



[bookmark: _Ref19012932]Figure 1: In slot n, no PDSCH is scheduled but there is still a conflict between the default beam for PDSCH and the CSI-RS beam. In slot (n+1), PDSCH is scheduled and there is a conflict between the actually scheduled PDSCH and the CSI-RS.

Based on the above discussion, our proposal is to apply the ‘QCL-TypeD’ assumption of the CSI-RS on the overlapped symbol(s) for receiving a scheduled PDSCH.  We note that scheduling restriction would apply with CSI-RS for RLM, CSI-RS with repetition (beam management), CSI-RS for BFD on the same OFDM symbol as a potential or actual PDSCH allocation as specified in 38.133. 
The case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset equal or greater than timeDurationForQCL can be handled by the scheduler ensuring alignment of the QCL Type-D assumptions with no specification change.
~
Further, in this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of an aperiodic CSI-RS scheduled with offset larger than or equal to the minimum value between 48 and the UE reported threshold beamSwitchTiming or a periodic CSI-RS or a semi-persistent CSI-RS with which the PDSCH overlaps in at least one symbol, the UE applies the ‘QCL-TypeD’ assumption of the CSI-RS on the overlapped symbol(s) for receiving the PDSCH. This also applies to the intra-band CA case (when PDSCH and the CSI-RS are in different component carriers).



4 companies supported above proposed solution. Other companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	Huawei, HiSilicon
	With the proposal, it seems we need to switch PDSCH beams in a slot, however the channel estimation from DMRS is only for one of PDSCH beams. There is performance loss. Then, it seems the beam switching need to be fast in a slot in the proposal.

	Qualcomm
	We would like to understand the proposed requirement for PDSCH decoding in the overlapped symbol. Is rate matching, puncturing assumed, or neither? 

	
	





7. UE capability on PDCCH monitoring occasions for Case 2 with a span gap
In [7], following issue is raised.
	The current description of FG 3-5b is difficult to achieve in some situations. For example, consider Table 13-15 of TS 38.213, i.e., the PDCCH monitoring occasions for Type0-PDCCH CSS set where the SS/PBCH block and CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz. The corresponding monitoring occasions are depicted in Figure 1. 
[image: ]
Figure 1. The PDCCH monitoring occasions in Table 13-15 of TS 38.213
For the PDCCH monitoring occasions in Figure 1, it is difficult to have the same span pattern repeats in every slot. Specifically, we assume, in Figure 1, the CORESET duration is 2 OFDM symbols. The favourable SSB of a UE in general will vary due to UE mobility and can be any of the SSBs. So, the corresponding PDCCH monitoring occasions for PDCCH Type 0, 0A, and 2 CSS and Type 1 CSS without dedicated RRC configuration configured by MIB may happen at OFDM symbols 2 to 9 as shown in Figure 2.  
[image: ]
Figure 2. Pattern of PDCCH monitoring occasions for PDCCH Type 0, 0A, 2 CSS and Type 1 CSS without dedicated RRC configuration configured by MIB
According to the following requirements of a span
· Spans do not overlap 
· Every span is contained in a single slot 
· The same span pattern repeats in every slot 
· The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans
· The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration 
for Figure 2, (X, Y) must be (2, 2); (X, Y) of (4, 3) and (7, 3) do not meet the requirements. Thus, only when 
· a UE supports (X, Y)=(2, 2), and 
· the maximum value of all CORESET durations is 2 (due to the definition of span duration), 
there is a room for monitoring occasions of PDCCH Case 2.



Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue. Note that this issue is also discussed in AI 7.1.6 in order to update description of this feature in TS38.306 for Rel-15.
	Company
	View

	
	

	
	

	
	




In [7], following solution is proposed to solve above issue.
	To get rid of this issue, it is proposed neglecting monitoring occasions of PDCCH Type 0, 0A, 2 CSS and Type 1 CSS without dedicated RRC configuration when determining a span pattern. 
Our proposal is given as follows, where the yellow parts correspond to changes with respect to index 3-5b of Table 4.1-1 in TR 38.822.  
Proposal #1: Make the following change on UE capability parameter pdcch-MonitoringAnyOccasionsWithSpanGap in TS38.306.
	pdcch-MonitoringAnyOccasionsWithSpanGap
Indicates whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot with minimum time separation (including the cross-slot boundary case) between two consecutive transmissions of PDCCH belonging to different spans, where at least one of them is not the monitoring occasions belonging to index 3-1 of Table 4.1-1 in TR 38.822, in same or different search spaces, with span up to two OFDM symbols for two OFDM symbols or span up to three OFDM symbols for four and seven OFDM symbols. Value set1 indicates the supported value set (X,Y) is (7,3), value set2 indicates the supported value set (X,Y) is (4,3) and (7,3) and value set 3 indicates the supported value set (X,Y) is (2,2), (4,3) and (7,3). Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion for any PDCCH except for Type 0, 0A, 2 CSS and 1 CSS without dedicated RRC configuration, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary. For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans per slot is denoted as A1 (Note 1). If any symbol in the monitoring occasion of PDCCH Type 0, 0A, 2 CSS and 1 CSS without dedicated RRC configuration does not overlap with a span, A2 is 1; otherwise, A2 is 0 (Note 2). The sum of A1 and A2 is no more than floor(14/X) (X is minimum in the value set supported by the UE). The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions belonging to index 3-1 of Table 4.1-1 in TR 38.822, is no more than 7. The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions belonging to index 3-1 of Table 4.1-1 in TR 38.822 is no more than 4 in SCell.

Note 1: Monitoring occasions of PDCCH Type 0, 0A, 2 CSS and 1 CSS without dedicated RRC configuration are not considered in counting A1. Monitoring occasions of PDCCH belonging to index 3-1 of Table 4.1-1 in TR 38.822 other than those for PDCCH Type 0, 0A, 2 CSS and 1 CSS without dedicated RRC configuration are considered in counting A1.

Note 2: Monitoring occasions of PDCCH Type 0, 0A, 2 CSS and 1 CSS without dedicated RRC does not necessarily repeat in every slot.






Other companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	
	

	
	

	
	





8. Default PDSCH beam decoupled from PDCCH beam
In [8], following issue is raised.
	[bookmark: _Hlk21097095]In current spec [1], default PDSCH beam follows QCL assumptions of CORESET with lowest CORESET ID in latest monitored slot. To improve robustness to UE movement, wide beams can be used for PDCCH at both sides. However, if the default PDSCH beam always follows the PDCCH wide beam, the throughput may be degraded in case of K0=0. Based on the UE throughput results below (UMI channel model [2], total 57 Cells, 10 UEs per Cell), using level 3 narrow beams at both sides improves median UE throughput by 54% and 143% over using level 2 and level 1 coarser beams at both sides. 
	gNB beam level
	UE beam level
	5%ile UE throughput (Mbps)
	50%ile UE throughput (Mbps)
	95%ile UE throughput (Mbps)

	Level 1
	Level 1
	0.8
	7.2
	34.8

	Level 2
	Level 2
	2.5
	11.4
	49.0

	Level 3
	Level 3
	4.1
	17.5
	54.7


Table 1: UE throughput gain due to higher level narrow beams
In general, decoupling default PDSCH beam from PDCCH beam may have the following benefits
· Improved throughput for K0=0, especially for UEs only supporting K0=0 [3]
· Reduced data delivery latency, e.g. for URLLC/IIoT
· Improved UE power saving, e.g. for C-DRX
· More scheduling flexibility on K0 with sustained throughput  



Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	DOCOMO
	From network perspective, the current definition of the default QCL of PDSCH (i.e. TCI state of the lowest CORESET ID on the latest slot) is not easy to operate in case multiple TCI states are activated for PDCCH. So, we believe this issue is good to discuss, also from easier controllability perspective for network operation.

	Ericsson
	We do not immediately see the benefit of using wide beam for PDCCH and narrow beam for PDSCH, the most natural solution is narrow beams for both PDCCH and PDSCH.
Furthermore, the NW can use wide PDCCH TX beam and narrow PDSCH TX beam without spec impact.

	Huawei, HiSilicon
	According to the TEI guidance agreed in RAN#84, no MAC impact can be introduced by RAN1-led TEI16. It seems not appropriate to discuss the MAC proposal in RAN1 TEI16.

	Nokia
	We may need to let PDSCH beam to follow PDCCH beam at the initial stage. We do not see clear benefits at this moment.

	ZTE
	We haven’t seen the immediate necessity of this proposal in Rel-16. Using wide beam in PDCCH and narrow beam in PDSCH is actually gNB implementation. It can be done by current specification. Further, MAC-CE overhead should be considered if new MAC-CE signaling is to be introduced. The chance of beam switching will be higher since the beam of PDCCH and PDSCH may always be different. Last, before the performance benefit of the proposal is justified, the simulation assumptions should be aligned among companies. We don’t think this can be finished in TEI agenda. Maybe it can be further discussed in Rel-17.

	CATT
	We are not quite sure this is an essential enhancement. 

	AT&T
	This proposal addresses a limitation that we have long felt is too restrictive and we thus support the TEI

	Qualcomm
	We find the Ericsson and Nokia comments somewhat confusing. Nokia, Ericsson, Huawei, all made it an important point in Rel-15 to make CSI-RS-based beam management (FG 2-24 MB_2) mandatory for the UE to support. On the other hand, for the PDCCH beam, the UE will follow SSB QCL assumption. We don’t understand how making the PDCCH and PDSCH beams to be the same works under these assumptions. 
Regarding the Huawei comment, we don’t believe there is a contradiction. For any TEI, RAN2 would adopt the necessary signaling solution. That is the case irrespective of whether the necessary signaling is in MAC CE or not. The proposal does not change any MAC procedure.  

	Samsung
	We are not convinced that this is an essential feature in Rel-16 yet. Regarding the evaluation results, what is the definition of level 1/2/3 beams?




In [8], following solution is proposed to solve above issue.
	Therefore, we have the following proposal to decouple default PDSCH beam from PDCCH beam.
Proposal: A new MAC-CE is used to select a TCI state as default PDSCH beam, which can be different from any PDCCH beam
· If this MAC-CE is not received, default PDSCH beam follows existing rules

Accordingly, we have the following TP to TS 38.214.
~
For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and if the UE does not receive a MAC-CE indicating a TCI state for receiving scheduled PDSCH with offset less than timeDurationForQCL from the reception of corresponding DCI,  the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. If the UE receives a MAC-CE indicating a TCI state for receiving scheduled PDSCH with offset less than timeDurationForQCL from the reception of corresponding DCI, the UE shall obtain the QCl assumptions from the indicated TCI state to receive the scheduled PDSCH. In  both cases, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET.



Other companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	DOCOMO
	We are supportive this proposal. Although our main target scenario for the initial deployment is the single active beam operation, we are also interested in the multi active beam operation for higher mobility, in future. In case of multi active beam operation, i.e. multiple TCI states are activated for PDCCH, this proposal is beneficial for network enabling to control the default QCL of PDSCH. 

	AT&T
	The proposed solution by Qualcomm addresses our concerns with Rel. 15 procedures. 

	
	





9. RACH configuration considering TDD configuration for FR1
In [9], following issue is raised.
	In Rel-15, RACH configuration table for FR1 and unpaired spectrum was specified in table 6.3.3.2-3 in TS 38.211 [1]. However, “Subframe number” configurations in the table are not sufficient considering some TDD configuration. 
3ms and 4ms as dl-UL-TransmissionPeriodicity were introduced [2] after the RACH configuration table was defined. The motivation of introducing these periodicities is to align NR TDD configuration with LTE TDD configuration with 5ms periodicity, e.g., LTE TDD configuration 1, 2 without requiring frame boundary offset between LTE and NR. When RACH configuration table was defined, 3ms and/or 4ms dl-UL-TransmissionPeriodicity was not taken into account, and hence Subframe number in Rel-15 RACH configuration table, with RACH configuration period greater than 10ms, is not appropriate for such TDD configuration.
[image: ] 
Figure 1: TDD configuration for NR and LTE
It was possible to achieve DL/UL timing alignment between NR and LTE without introducing 3ms and 4ms periodicity values if the frame boundary offset between LTE and NR is applied (i.e., with 2ms frame boundary offset between LTE and NR, NR TDD pattern would be “DDDDDDDSUU” with 5ms periodicity). However, since it is beneficial to align frame boundary between LTE and NR considering following aspects, actually 3ms and 4ms periodicities were introduced.
~
Observation 1: TDD configuration “DDDSUUDDDD” should be considered as one of important TDD configuration because of following reasons.
· Actually 3ms and 4ms for dl-UL-TransmissionPeriodicity were introduced to support TDD pattern alignment with LTE TDD config 2 without applying frame boundary offset between LTE and NR.
· There are multiple benefits of frame boundary alignment between LTE and NR, i.e., drawbacks of applying frame boundary offset between LTE and NR, in terms of DSS, Multiple NW vendors, Inter-carrier coordination and so on.
· The RAN4 test specification defines “DDDSUUDDDD” as reference TDD configuration.
If TDD configuration of “DDDSUUDDDD” is applied, there is an issue on RACH configuration. For example, assuming preamble format 0 and RACH config period of 20, 40, 80 or 160 ms, “Subframe number” in the table can be only 4 or 9 as shown in Table 1. In case of TDD configuration of “DDDSUUDDDD”, since “Subframe number” needs to be 2 or 7, these RACH configuration entries in Table 1 cannot be used. In other words, only RACH configuration entries with 10ms of RACH configuration period can be used, and it is a strong restriction for operation. In addition, even for other preamble formats, only limited subframe numbers mainly including subframe 9 are supported in case of RACH configuration period more than 10ms, and hence the same issue would occur.
Table 1: Part of RACH configuration table for FR1 and unpaired spectrum in TS 38.211
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
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	0
	0
	16
	1
	9

	1
	0
	8
	1
	9

	2
	0
	4
	1
	9

	3
	0
	2
	0
	9

	4
	0
	2
	1
	9

	5
	0
	2
	0
	4

	6
	0
	2
	1
	4


In LTE, 20ms of RACH configuration period could be applied in case of preamble format 0 and LTE TDD config 2. However, in NR, 20ms of RACH configuration period cannot be applied in case of same preamble format 0 and same TDD configuration as LTE TDD config 2. From that aspect, since NR degrades from LTE, it is serious problem especially on refarming band.
Therefore, Rel-16 TEI should resolve the issue that RACH configuration period is only 10ms in some TDD configurations e.g., as shown in Fig1. In Rel-16 TEI, a mechanism which enables RACH configuration period(s) more than 10ms in case that DL/UL timing and frame boundary of NR are aligned with those of LTE should be supported.
Proposal 1: In Rel-16 TEI, a mechanism which enables RACH configuration period(s) more than 10ms in case that DL/UL timing and frame boundary of NR are aligned with those of LTE i.e., in case of “DDDSUUDDDD”, should be supported.



5 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	Huawei, HiSilicon
	The proposals are motivated to reduce PRACH resource overhead from network perspective. However, for the concerned TDD UL/DL configuration, the network has to allocate PRACH resource with less than 20ms periodicity for Rel-15 UEs anyway, which can serve Rel-16 UEs as well. Need more clarification on how PRACH resource overhead can be reduced by introducing additional PRACH resource dedicated to Rel-16 UEs when Rel-15 UEs and Rel-16 UEs coexist. Since it targets at resource periodicity equal to or larger than 20ms, the penetration ratio of Rel-16 UEs is lower than that of Rel-15 UEs, which means they can be easily accommodated by the existing PRACH resources that are also serving Rel-15 UEs.
Another concern is that the proposed scheme will also impact the SSB-RO association when one RACH time instance cannot cover all SSBs. Under such case, R16 UE which is configured with longer RACH period can only see the mappings from part of SSBs, which will negatively affect their PRACH transmissions

	NTT DOCOMO
	The benefit of our proposal should be obvious when only Rel-16 UE exists in a carrier(cell), and we think that the benefit for such case is very important in future. Also, when Rel-15 NSA UE and Rel-16 UE coexists in a carrier(cell), the same gain can be obtained by gNB implementation. (indicating dummy SSB via SSBpositionInBurst for Rel-15 NSA UE, the PRACH resource only for Rel-15 UE is not be used by any UE.) Even when Rel-15 SA UE and Rel-16 UE coexist in a carrier(cell), the benefit can be obtained as following: For example, when 2 FDMed RACH resources are configured for Rel-15 and Rel-16 UE, 2 FDMed RACH resource must exist on every RACH time instance without our proposal. However, with our proposal, 1 RACH resource (not FDMed) for Rel-15 UE can be configured on even RACH time instance, depending on the penetration rate of UEs, and 25% of the gain of RACH resource overhead can be obtained.

Regarding the SSB-RO association, SSB-RO association should be aligned between Rel-15 and Rel-16 UE by gNB configuration. Our proposal is for FR1, and hence all SSBs are likely to map one RACH time instance (i.e., FDMed RO) in most cases, and in such case, the SSB-RO association should be same between Rel-15 and Rel-16 UE. The maximum number of FDMed ROs is 8, and can cover the maximum number of SSBs.

	
	




In [9], following possible solutions are proposed to solve above issue.
	In order to resolve the issue described in section 2, i.e., support RACH configuration period more than 10ms in caseof using “DDDSUUDDDD” in NR, following alternatives can be considered.
· Alt1: gNB can indicate subframe number offset and RACH configuration index of the existing table for Rel-16 UE
· Alt2: gNB can indicate RACH configuration period, i.e., x, and number of PRACH slots within a subframe to override parameter indicated by RACH configuration index for Rel-16 UE
· Alt3: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
· Alt4: Only several existing entries of RACH configuration table are modified for Rel-16 UE, e.g., subframe number is changed to 2 and/or 7 or subframe number 2 and/or 7 is added
Proposal 2: In order to support RACH configuration period more than 10ms in case of using “DDDSUUDDDD”, a solution should be down-selected from following alternatives.
· Alt1: gNB can indicate subframe number offset and additional RACH configuration index of the existing table for Rel-16 UE
· Alt2: gNB can indicate RACH configuration period, i.e., x, and number of PRACH slots within a subframe to override parameter indicated by RACH configuration index for Rel-16 UE
· Alt3: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
· Alt4: Only several existing entries of RACH configuration table are modified for Rel-16 UE, e.g., subframe number is changed to 2 and/or 7 or subframe number 2 and/or 7 is added
~
In Alt1, gNB can indicate, via RRC signalling, prach-ConfigurationIndex for Rel-16 UE, i.e., prach-ConfigurationIndexAlt-r16, and subframe number offset for Rel-16 UE, i.e., prach-SubframeOffset-r16. RRC parameter value is that prach-ConfigurationIndexAlt-r16: (0, 1, … , 255) and prach-SubframeOffset-r16: (1, 2, … , 9).
UE behavior based on our proposal is following:
· If Rel-16 UE is indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndexAlt
to choose index from RACH configuration table (RACH configuration table is same as Rel-15)
· If Rel-16 UE is indicated prach-SubframeOffset, all RACH occasions is shifted based on the value of prach-SubframeOffset, i.e., the UE determines Subframe number(s) by [(Subframe number(s) in RACH configuration table + prach-SubframeOffset) mod 10]
· If Rel-16 UE is not indicated prach-SubframeOffset, all RACH occasions is not shifted, i.e., subframe number offset is zero
· If Rel-16 UE is not indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndex to choose index from RACH configuration table (Same behavior as Rel-15 UE)
~
Observation 2: Alt1 enables more flexible RACH configuration for alignment with TDD configuration, but has larger UE implementation impact and spec impact, compared with Alt3 and Alt4. Restriction on applicability of Alt1 such as limiting applicable RACH configuration entries can mitigate UE implementation impact.
~
In Alt2, gNB can indicate, via RRC signaling, RACH configuration period, i.e., x, and number of PRACH slots within subframe for Rel-16 UE so that UE overrides these parameters indicated by RACH configuration index. RRC parameter value is that RACHConfigurationPeriod-r16: (1, 2, 4, 8, 16) and NumberOfPrachSlot-r16: (1, 2).
~
Observation 3: Alt2 enables more flexible RACH configuration for alignment with TDD configuration, but has larger UE implementation impact and spec impact, compared with Alt3 and Alt4. Restriction on applicability of Alt2 can mitigate UE implementation impact.
~
In Alt3, new RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE. Alt1 and Alt2 have impact on all entries of RACH configuration table. On the other hand, Alt3 has impact only on new several entries of RACH configuration table and should have smaller UE implementation impact. For new several entries, we should focus on what companies require. From our perspective, candidate new entries are shown in Table 2.
~
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0



Observation 4: Alt3 has smaller UE implementation impact, smaller spec impact and smaller RRC signalling overhead, but less flexible RACH configuration compared with Alt1 and Alt2.
~
In Alt4, existing several entries of RACH configuration table are modified for Rel-16 UE. Similarly as Alt3, Alt4 has impact only on several entries of RACH configuration table and should have smaller UE implementation impact compared with Alt1 and Alt2.
~
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	[image: ]
	
	
	
	
	

	0
	0
	16
	1
	9
	0
	-
	-
	0

	1
	0
	8
	1
	9
	0
	-
	-
	0

	2
	0
	4
	1
	9
	0
	-
	-
	0

	3
	0
	2
	0
	9
	0
	-
	-
	0

	4
	0
	2
	1
	9
	0
	-
	-
	0

	5
	0
	4
	1
	7
	0
	-
	-
	0

	6
	0
	2
	1
	7
	0
	-
	-
	0



	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	0
	0
	16
	1
	7, 9
	0
	-
	-
	0

	1
	0
	8
	1
	7, 9
	0
	-
	-
	0

	2
	0
	4
	1
	7, 9
	0
	-
	-
	0

	3
	0
	2
	0
	7, 9
	0
	-
	-
	0

	4
	0
	2
	1
	7, 9
	0
	-
	-
	0

	5
	0
	2
	0
	2, 4
	0
	-
	-
	0

	6
	0
	2
	1
	2, 4
	0
	-
	-
	0



Observation 5: Alt4 has smaller UE implementation impact, smaller spec impact and no RRC signalling overhead, but less flexible RACH configuration, compared with Alt1 and Alt2. This alternative is applicable if there is some entries of RACH configuration that no operator plan to use.



Companies are encouraged to provide their views on proposed solutions and potential alternative if any.
	Company
	View

	Huawei, HiSilicon
	Alt1 and Alt2 are not preferred, because spec changes to TS 38.321 seems needed in addition to introducing new RRC parameters.

	
	

	
	





10. Remaining issue on Rel-16 NR TEI for DSS enhancement
In [10], according to RAN1 agreement on LTE-CRS rate matching patterns for Rel-16 TEI, how these LTE-CRS rate matching patterns can be implemented in 38.211, 38.213 and 38.214 is discussed.
	It is assumed below that RAN2 will introduce a new RRC parameter, based on [1] denoted additionalLTE-CRS-PatternList-r16, that contains multiple LTE CRS rate matching patterns. It is further assumed that if the Rel.16 parameter additionalLTE-CRS-PatternList-r16  is configured, then the Rel.15 parameter is not simultaneously configured. 
Changes to TS 38.214
In 38.214, the corresponding changes to reflect the new RRC parameter additionalLTE-CRS-PatternList-r16    is needed as follows. The content of the agreed CR R1-1909686 has been reflected in the TPs below. 
[bookmark: _Toc11352095]5.1.4.2	PDSCH resource mapping with RE level granularity
A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:
-	REs indicated by lte-CRS-ToMatchAround in the case of one LTE carrier in a serving cell, or additionalLTE-CRS-PatternList-r16   in the case of multiple LTE carriers in a serving cell,  in ServingCellConfig or ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. The configuration for each LTE carrier contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration of that carrier. A UE determines the CRS position within the slot according to Subclause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe.
Changes to TS 38.211
Likewise, the corresponding changes to TS 38.211 are
[bookmark: _Toc11324548]7.3.2.2	Control-resource set (CORESET)
[…]
for both interleaved and non-interleaved mapping, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
[bookmark: _Hlk498503446]-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround in the case of one LTE carrier in a serving cell, or additionalLTE-CRS-PatternList-r16   in the case of multiple LTE carriers in a serving cell,  , if the higher-layer parameter precoderGranularity equals allContiguousRBs.
[bookmark: _Toc11324560]7.4.1.1.2	Mapping to physical resources
[…]

The position(s) of the DM-RS symbols is given by  and duration  where
-	for PDSCH mapping type A,  is the duration is between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot 
-	for PDSCH mapping type B,  is the duration is the number of OFDM symbols of the scheduled PDSCH resources
[bookmark: _Hlk512350165]and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'. For PDSCH mapping type A,  and  symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dmrs-TypeA-Position is equal to 'pos2'. For PDSCH mapping Type A single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround in the case of one LTE carrier in a serving cell, or additionalLTE-CRS-PatternList-r16   in the case of multiple LTE carriers in a serving cell,    is configured and any PDSCH DM-RS symbol conincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround in the case of one LTE carrier in a serving cell, or additionalLTE-CRS-PatternList-r16   in the case of multiple LTE carriers in a serving cell,  ; and
-	the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
Changes to TS 38.213
The 38.213 Section 10 requires this change:
 [..]
For monitoring of a PDCCH candidate in a slot
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.
-	If the UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
-	If at least one RE of a PDCCH candidate on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround in the case of one LTE carrier in a serving cell, or additionalLTE-CRS-PatternList-r16   in the case of multiple LTE carriers in a serving cell,  the UE is not required to monitor the PDCCH candidate.
[…]
The 38.213 Section 10.1 requires this change:
 […]
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
-	any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround in the case of one LTE carrier in a serving cell, or additionalLTE-CRS-PatternList-r16   in the case of multiple LTE carriers in a serving cell,   or with any RE of a SS/PBCH block.



Companies are encouraged to provide their views on proposed TPs and potential alternative if any.
	Company
	View

	Ericsson
	This proposal (from us) is for info only, we need to wait for the RAN2 agreement on the exact parameter name and after this it may anyway be an editor issue to introduce these changes.

	Huawei, HiSilicon
	The UE is not configured with any LTE carrier(s) but patterns for rate-matched REs. Its associated UE behaviors have nothing to do with LTE carrier configuration. Therefore,  “in the case of one LTE carrier in a serving cell” and “in the case of multiple LTE carriers in a serving cell” are redundant and suggested to be removed. Additionally, the other corresponding wordings can be refined with description more focusing on the RRC IEs instead of LTE carriers.

	Qualcomm
	We think that the “one LTE carrier” vs. “multiple LTE carriers” distinction should be kept because we need to differentiate the meaning of the Rel-15 and Rel-16 parameters. 
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