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Introduction
This contribution discusses the aspects related to the reduced maximum UE bandwidth. Hereafter, the terminology “initial BWP” means the BWP with index 0 (i.e. BWP#0) including the BWP#0 configured by dedicated-RRC for unicast purpose (i.e. BWP#0 configuration option 2).
In this contribution, “during initial access” means the stage before Msg4 (including Msg4), and “after initial access” means the stage after Msg4.

RF retuning
RF retuning for FH and “fast” BWP switch
Some companies proposed to support RF-based Frequency Hopping (FH), in a bandwidth wider than the RedCap UE bandwidth for RedCap UE. As another form of frequency hopping, some companies also proposed to support BWP switch based FH (i.e. “fast” BWP switch) in a bandwidth wider than the RedCap UE bandwidth for RedCap UE.

Out of the scope of RedCap WID
The motivation is to exploit the frequency diversity gain for coverage improvement. However, coverage improvement dedicated for RedCap UE should be discussed in the coverage recovery subtopic. As shown below for RAN1#103e agreement, RF-based FH or “fast” BWP switch has been captured as a candidate scheme for the coverage recovery subtopic.
	Agreements:
Capture the following to the TR 38.875
· Coverage recovery for PUSCH was studied from several aspects, including cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B, frequency hopping or BWP switching across a larger system bandwidth
· Some techniques, such as cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B have been studied also in the Rel-17 coverage enhancement SI
· Potential specification impacts of frequency hopping or BWP switching across a larger system bandwidth include:
· Frequency domain hopping offsets/positions
· Faster switching/RF retuning time. 
· Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.
· Transmission/reception interruption during RF retuning time
Agreements:
Capture the following to the TR 38.875
· Coverage recovery for PDSCH was studied from several aspects, including the use of the lower-MCS table, larger aggregation factor for PDSCH reception, cross-slot or cross-repetition channel estimation, increasing the granularity of PRB bundling, frequency hopping or BWP switching across a larger system bandwidth.
· Some techniques, such as the lower-MCS table and larger aggregation factor for PDSCH reception are existing techniques with optional UE capability signaling
· If cross-slot or cross-repetition channel estimation for PDSCH is supported, potential specification impacts include:
· Time-domain precoder cycling and DM-RS configuration
· If hopping or BWP switching across a larger system bandwidth is supported, potential specification impacts include
· PDSCH hopping configuration
· Faster switching/RF retuning time 
· Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.
· Transmission/reception interruption during RF retuning time
· Potential specification impacts of increasing the granularity of PRB bundling include
· Related signaling design


On the other hand, at least for some UL channels (PUSCH/PUCCH/Msg3), the coverage enhancement is being discussed in the CE topic. The outcome of CE topic can be applied by RedCap UE, which can have more promising coverage gain than RF-based FH or “fast” BWP switch.
Therefore, whether to support RF-based FH or “fast” BWP switch in a bandwidth wider than the RedCap UE bandwidth for RedCap UE is actually out of the scope of the RedCap WID objectives.
Observation 1: Whether to support RF-based FH or “fast” BWP switch in a wider bandwidth than the RedCap UE bandwidth is out of the scope of the RedCap WID objectives.
Moreover, if the coverage recovery is approved as one of the RedCap WID objectives, other schemes, e.g. repetition, could be more efficient than RF-based FH or “fast” BWP switch. In other words, the priority of the schemes of the coverage recovery should be discussed before specifying RF-based FH or “fast” BWP switch.
Observation 2: If the coverage recovery subtopic is open to discussion, whether RF-based FH or “fast” BWP switch in a wider bandwidth than the RedCap UE bandwidth is prioritized than other schemes, e.g. repetition, should be further discussed.

Technical concerns
We have the following technical concerns on “fast” BWP switch and RF retuning in a wider bandwidth.
· Co-scheduling RedCap UE and non-RedCap UE is problematic, because “fast” BWP switch and RF retuning need the symbol-level gap.
· The time gap for RF retuning will cancel the frequency diversity gain considering the time-domain resource overhead.
· Power consumption at RedCap UE is high, because power is consumed in each retuning, e.g. PLL adjustment, filter adjustment.
In addition, we have the following technical concerns dedicatedly on RF retuning in a wider bandwidth.
· Cost/complexity consumption at RedCap UE is high, because new UE behavior is needed, e.g. the timely retuning of center frequency in PRB-level. 
· The phase pre-compensation based on upconversion in 38.211 should be adjusted timely at UE side.
· The signalling for transmitter to inform receiver about the location of Direct Current (DC) is meaningless, e.g. UplinkTxDirectCurrentList and txDirectCurrentLocation, and the algorithm at receiver to mitigate the DC interference is also meaningless.
· NR UE does not operate in a BWP wider than the bandwidth it supports. If this law is broken, there could be spec modifications everywhere. It should be noted that frequency hopping in current spec just means the baseband based frequency hopping within a BWP.
Moreover, some companies observed the gain of frequency hopping in a wider bandwidth is marginal.
· The frequency diversity gain across 100MHz bandwidth (for FR1) may be marginal compared with that across 20MHz bandwidth, even when the number of the allocated PRBs is small.
· The frequency selective gain (gNB always allocating the best subband) may be too hard to be achieved, since UE cannot report the CQI of subband in fine time and frequency granularity.
Some companies have concern on UL resource fragmentation if the separate initial UL BWP is configured for RedCap UE, which is a typical implementation without RF retuning. However, if the shared initial UL BWP is configured and RF retuning is applied for RedCap UE, the time gap only for RedCap UE will still cause UL resource fragmentation.
In some companies’ simulation, the frequency diversity gain across 400MHz (for FR2) is obvious compared with that across 100MHz, if small data bandwidth is assumed. In FR2, the delay spread of channel is small, and the coherence bandwidth is wide, so frequency hopping across 100MHz may have much lower frequency diversity gain than frequency hopping across 400MHz. However, in our view, gNB can configure 4 BWPs (including BWP#0) scattered in 400MHz carrier and trigger BWP switch timely to exploit the frequency diversity gain. On other hand, coverage can be improved by features of CE topic. We think the features in CE topic is more friendly for UE implementation.

Time gap for RF retuning
In [1], transition time for UE RF bandwidth adaptation has been provided from RAN4 perspective. The transition time is about 20 microseconds if the center frequency before and after the bandwidth adaptation is the same, and the transition time is about 50~200 microseconds if the center frequency before and after the bandwidth adaptation is different. 
In our view, roughly, the time gap for RF retuning could be 1~3 symbols for 15kHz SCS and 2~6 symbols for 30kHz SCS. If we send LS to RAN4 for delay of RF retuning, based on [1], it is highly possible that RAN4 would reply the symbol-level delay is feasible for RF retuning. However, from RAN1 perspective, we still cannot see the necessity to introduce RF retuning (or new BWP switch) delay. 
Furthermore, the cost of the RedCap UE will increase, if the RedCap UE has stringent pipeline. 
Moreover, the majority companies shown concerns on RF retuning for misalignment of center frequency between DL and UL, it can be read that it is majority view not supporting RF retuning within DL or UL.
Therefore, we think it is not necessary to send LS to RAN4 for RF retuning.
Observation 3: It is not necessary to send LS to RAN4 for RF retuning.

RF retuning for SSB processing
Whether the SSB is present in the active DL BWP is a discussion point. We have some analysis on RedCap UE behaviors and spec impact in the section.

After initial access
After initial access and before gNB receives the UE capability, gNB may not know the RedCap UE’s capability. For simplicity, here “after initial access” can be understood as the stage after gNB knows the RedCap UE’s capability.

AGC/sync/measurement
It is related to capabilities like FG 6-1 and FG 6-1a. We will discuss it under capability FG 6-1 and FG 6-1a respectively.

Capability FG 6-1
FG 6-1 is listed as follows.
	FG 6-1
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell


Because SSB is contained in the active DL BWP, RedCap UE (capability FG 6-1 is mandatory) use SSB for AGC/sync/measurement.
Capability FG 6-1a
FG 6-1a are listed as follows.
	FG 6-1a
BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell


A non-RedCap UE capable of FG 6-1a can implement FG 6-1a by two ways.
· Way-1: The non-RedCap UE can retune RF to process SSB/CORESET#0 outside the UE-specific BWP.
· Way-2: The non-RedCap UE can open a wide RF bandwidth to include the UE-specific BWP and SSB/CORESET#0, and the non-RedCap UE can receive data and SSB simultaneously even when they have different numerologies.
For Way-1, it implies the RedCap UE should also retune RF. For Way-2, it is not applicable for the RedCap UE.
Observation 4: In context of RedCap, FG 6-1a means the RedCap UE should retune RF to process SSB/CORESET#0 outside the UE-specific BWP.
If the RedCap UE should retune RF for SSB-based AGC/sync/measurement, it will cause the additional operations/complexities. In addition, the RF retuning will cause the time gap, e.g. measurement gap and scheduling gap. Moreover, FG 6-1a has FG 6-2, 6-3 or 6-4 as the pre-requisite, which implies that FG 6-1a has the highest complexity among FGs of BWP operations.
CORESET#0 for FG 6-x
FG 6-1/6-1a/6-2/6-3/6-4 [2] all mention CORESET#0 to address CORESET of CSS (e.g. Type1-PDCCH CSS) in the UE-specific DL BWP, but it is common understanding the active DL BWP for RedCap UE may not contain CORESET#0. There could be two methods to solve this issue.
· Method-1: Remove “CORESET#0” in FG 6-1/6-1a/6-2/6-3/6-4. Otherwise, RedCap UE should monitor CSS PDCCH, e.g. SIB1/SIBx/RAR/paging, in the shared initial DL BWP which contains CORESET#0. The corresponding RF retuning is infrequent which can be acceptable.
· Method-2: Add a note in FG 6-1/6-1a/6-2/6-3/6-4, which is “For RedCap UE, CORESET#0 here means CORESET#0 or CORESET of CSS”. In this way, RedCap UE can monitor CSS PDCCH in the active DL BWP and RF retuning is not necessary.
Proposal 1: Add a note in FG 6-1/6-1a/6-2/6-3/6-4, which is “For RedCap UE, CORESET#0 here means CORESET#0 or CORESET of CSS”.
Capability “no gap”
The following specification in 38.133 shows an example of the definition of measurement gap for SSB based intra-frequency measurement.
	A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
The UE shall be able to identify new intra-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified intra-frequency cells if carrier frequency information is provided by PCell or the PSCell, even if no explicit neighbour list with physical layer cell identities is provided.
The UE can perform intra-frequency SSB based measurements without measurement gaps if
-    the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-    the SSB is completely contained in the active BWP of the UE, or
-    the active downlink BWP is initial BWP[3].
For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in clause 9.2.5.3.


For the first condition (capability “no-gap”), it may mean that the non-RedCap UE should implement Way-2 as mentioned above. However, it is not applicable for the RedCap UE.
For the second condition (SSB in the active BWP), it is fine.
For the third condition (initial BWP), we can consider it for FR1 and FR2 respectively.
· For FR1
· For non-RedCap UEs, the “initial BWP” can be the MIB-configured initial DL BWP or RRC configured initial DL BWP. It should be noted that RRC configured initial DL BWP contains CORESET#0 as the following 38.331 Text, which also contains SSB for FR1 due to multiplexing pattern 1.
	The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain.


· For RedCap UEs, the “initial BWP” should mean the MIB-configured initial DL BWP, since the separate (RRC-configured) initial DL BWP may not contain SSB.
· For FR2
· For non-RedCap UEs, although CORESET#0 does not contain SSB for multiplexing pattern 2/3, it is fine, since non-RedCap can open RF to cover both SSB and CORESET#0 in FR2. 
· For RedCap UEs, it is not true. However, RAN1 had conclusion in RAN1#104e not to consider this issue. Hence, it is left to the implementation of RedCap UEs for FR2. The RF retuning may be implemented for FR2 for RedCap UEs, and complexity, power and latency efficiencies are not addressed for FR2 in common understanding shown as follows.
	Conclusion: RAN1 does not consider acquisition time improvements for FR2 RedCap UEs with SSB and CORESET#0 multiplexing patterns 2 and 3 as part of this WI.


Therefore, the third condidition is not practical for RedCap UEs.
Observation 5: There is only one condition for “without measurement gap” in 38.133 for RedCap UEs, i.e. “the SSB is completely contained in the active BWP of the UE”.
Due to the abovementioned new RedCap UE behaviors for SSB processing, we suggest revisiting the conditions for “without measurement gap”.  If it is a problem, RAN1 can send LS to RAN2/4 for discussion.
Observation 6: Conditions for “without measurement gap” in 38.133 should be revisited for RedCap UEs.
In RAN1#108-e [3], it was agreed that the measurement gap to support operation without SSB is up to RAN4 discussion.
	Conclusion
· From RAN1 perspective, whether and under what conditions a RedCap UE requires to be configured with existing measurement gaps to support operation without SSB in an RRC-configured active BWP, and its related UE feature discussion(including measurement gaps) is up to RAN4.
· Send an LS to RAN4 to inform them about the conclusion.


Inclusively, the conditions for “without measurement gap” in  38.133 can be revisited by RAN4.

[bookmark: OLE_LINK1]During initial access
AGC/sync/measurement
RedCap UEs should perform AGC/sync/measurement with SSB during initial access. If there is no SSB contained in the initial DL BWP, RedCap UE should retune RF to perform AGC/sync/measurement and gaps for RF retuning should be maintained at RedCap UEs.
Observation 7: Gaps due to RF retuning for AGC/sync/measurement should be considered for discussion of the separate initial DL BWP during initial access.

SSB/CORESET#0 multiplexing pattern 2/3
For FR2, CORESET#0 does not contain SSB for SSB/CORESET#0 multiplexing pattern 2/3. It is not an issue for non-RedCap UE, since non-RedCap UE can open RF containing both SSB and CORESET#0. However, RedCap UE cannot open RF containing both SSB and CORESET#0. In our view, RedCap UE needs to retune RF, but gNB can avoid selecting the entries that exceeds 100MHz BW containing both SSB and CORESET#0 for SSB/CORESET#0 multiplexing pattern 2/3 in FR2.
Observation 8: gNB can avoid selecting the entries that exceeds 100MHz BW containing both SSB and CORESET#0 for SSB/CORESET#0 multiplexing pattern 2/3 in FR2.

RF retuning between DL/UL
For the current TDD system, the initial DL BWP should share the same center frequency with the initial UL BWP to avoid the RF retuning between DL and UL (TS 38.213).
	For unpaired spectrum operation, a UE does not expect to receive a configuration where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the BWP-Id of the DL BWP is same as the BWP-Id of the UL BWP.



Center frequencies alignment b/w the initial DL/UL BWP
For the non-initial DL/UL BWP, it is common understanding that the center frequencies of DL BWP and UL BWP are the same for RedCap UEs. For the SIB1-configured initial DL/UL BWP, it is also common understanding that the center frequencies of DL BWP and UL BWP are the same for RedCap UEs.
Therefore, it is still majority view that the center frequencies of initial DL BWP and initial UL BWP are the same for RedCap UEs in most cases. In RAN1#106bis-e [4], it was agreed that the center frequencies of initial DL BWP and initial UL BWP are the same during random access when the initial DL BWP includes CD-SSB and the entire CORESET#0.
	Agreement
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.


In the discussion of “continue to use CORESET#0” in RAN1#108-e, companies would like to make sure of FFS points or conditions of center frequency alignment. The yellow highlighted parts are FFS points or conditions of center frequency alignment.
	Agreement
For FR1 and FR2, for TDD, when a (separate or shared) initial DL BWP includes CD-SSB (for FR1 and FR2) and the entire CORESET#0 (for FR1), the center frequencies for the (separate or shared) initial DL BWP and the (separate or shared) initial UL BWP are assumed to be the same.


In our view, the above two agreements are used to show the consensus of the center frequency alignment when the initial DL BWP includes CD-SSB and (for FR1) the entire CORESET#0. They do not have spec impact, or the current spec is so. Regarding it is already the common understanding the center frequency is aligned between the initial DL BWP and the initial UL BWP, the further conclusion may not necessary.
Observation 9: It is common understanding that the center frequencies are aligned between the initial DL BWP and the initial UL BWP.

Possible center frequencies misalignment b/w CORESET#0 and the initial UL BWP
However, for the MIB-configured initial DL BWP (i.e. CORESET#0) and the SIB1-configured initial UL BWP during random access, it is not the common understanding that the center frequencies are the same or can be different. It has been discussed in R15 starting from RAN1#95. In RAN1#98, there was a conclusion that the misalignment is allowed.
	Conclusion:
· For unpaired spectrum, the center frequencies of CORESET#0 and the initial DL/UL BWP configured by SIB1 can be the same or different.
· This does not change the following RAN1 agreement
Agreements in RAN1#94:
· For PCell, the initial DL BWP can be configured in SIB1 to be the same as or different with the initial DL BWP as initially defined by CORESET#0
· The initial DL BWP configured in SIB1 includes the bandwidth of CORESET#0
· If the initial DL BWP configured by SIB1 is different with the initial DL BWP as initially defined by CORESET#0, the configuration of the initial DL BWP configured by SIB1 is applicable after the initial access


Behind the conclusion, it is common understanding that the non-RedCap UE can handle the case of the misalignment, e.g. by opening the wider RF bandwidth or performing one RF retuning after Msg4. For RedCap UE, it can perform one RF retuning in a certain timing, e.g. after Msg4 (with the shared initial DL/UL BWP) or during random access (when the separate initial UL BWP is used). We think this conclusion can be kept for RedCap UEs.
The IE description of the separate initial DL BWP in 38.331 (RAN2 CR R2-2204267) is shown as follows. 
	initialDownlinkBWP-RedCap
If present, RedCap UEs use this DL BWP instead of initialDownlinkBWP. If the locationAndBandwidth of this BWP contains the entire CORESET#0, the UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Otherwise, i.e., if the locationAndBandwidth of this BWP does not contain the entire CORESET#0, the UE uses this BWP also for receiving DL messages during initial access (Msg2, Msg4, ...) and after initial access.
If absent, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth (see also section 5.2.2.4.2).


According above description, in some cases, RedCap UE should use CORESET#0 during initial access. Therefore, the center frequencies misalignment between CORESET#0 and the initial UL BWP may happen, and there is no further spec impact.
Observation 10: The center frequencies misalignment between CORESET#0 and the initial UL BWP may happen, and there is no further spec impact.

Comparison among RF retuning levels
From above discussion, we have the following comparison among RF retuning levels.
Table 1: Comparison among RF retuning levels
	
	RF retuning for FH and “fast” BWP switch
	RF retuning for SSB processing
	RF retuning between  DL/UL
	No RF retuning (SSB in the DL BWP, alignment b/w DL/UL)

	UE complexity
	High
	Medium
	Medium
	No additional complexity

	Time gap
	Symbol level
	Slot level
	Slot level
	No time gap



The remaining issues
In general view, there are two main remaining issues of R17 RedCap to be solved in maintenance phase (PR-220135).
	Remaining RAN1 issues:
· Clarification of UE behavior when separate initial DL BWP is not configured
· Presence of SSB transmission in separate initial DL BWP in connected mode for BWP#0 configuration option 1
· Collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB for HD-FDD UE



The discussion of the separate initial DL BWP
The separate initial DL BWP can be configured to RedCap UE, for the following reasons:
· Alignment of center frequency between DL and UL BWP can be easily realized, if the separate initial DL BWP and the separate initial UL BWP are both configured.
· The separate search space set can be configured to RedCap UE in the separate initial DL BWP, and the corresponding sparse PDCCH monitoring occasions can save the power for RedCap UE.
· The RAR CORESET can be configured to RedCap UE in the separate initial DL BWP, and the corresponding large AL can improve the coverage for RedCap UE.
· The separate PDSCH parameter can be configured/scheduled to RedCap UE in the separate initial DL BWP, and the corresponding small TB scaling can improve the coverage for RedCap UE.
· The separate initial DL BWP can offload the Msg2/Msg4 at the initial DL BWP for non-RedCap UE, especially for IoT application in which the massive connections should be assumed.
Therefore, we support the separate initial DL BWP for RedCap UE.
In RAN1#106bis-e [4], it became a working assumption that network can configure a separate initial DL BWP for RedCap UEs in SIB.
	Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included


In RAN1#107-e [5], the main working assumption was confirmed, and the sub-working assumptions was supported at least for the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0.
	Agreement 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.



Scenarios for FR1
For FR1, only multiplexing pattern 1 is supported. For multiplexing pattern 1, we always assume UE will only open RF with the bandwidth of CORESET#0 for low UE complexity purpose. With this assumption, we should check the different scenario for both CD-SSB and CORESET#0.
We start from two cases.
· Case 1: The separate initial DL BWP contains the entire CORESET#0
· Case 2: The separate initial DL BWP does not contain the entire CORESET#0
For Case 1, it is supported that the separate initial DL BWP can be used during and after initial access, since containing the entire CORESET#0 means containing CD-SSB.
For Case 2: there seems no explicit agreement that the separate initial DL BWP can be used during initial access. However, there is implicit agreement that the separate initial DL BWP can be configured for random access when it does not contain the entire CORESET#0.
	Agreement
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective


Moreover, RAN2 has agreement that RedCap UE in idle/inactive mode can be configured with the separate initial DL BWP for RACH (see Appendix A.2 for details).
Therefore, in our view, Case 1 and Case 2 for the separate initial DL BWP can be supported in the following scenarios.
· FR1
· Case 1: The separate initial DL BWP contains the entire CORESET#0
· contains CD-SSB. It is supported with explicit agreement. It can be used for paging and random access both.
· Case 2: The separate initial DL BWP does not contain the entire CORESET#0
· contains CD-SSB: It is supported without explicit agreement. It can be used for random access only.
· does not contain CD-SSB: It is supported without explicit agreement. It can be used for random access only.
It can be summarized in the following table.
Table 2: The summary of scenarios for the separate initial DL BWP for FR1
	
	Case 1: Contains the entire CORESET#0
	Case 2: Does not contain the entire CORESET#0

	Contains CD-SSB
	Supported with explicit agreement;
Used for paging and random access both.
	Supported without explicit agreement;
Used for random access only.

	Does not contain CD-SSB
	N/A
	Supported without explicit agreement;
Used random access only.



Scenarios for FR2
For FR2, not only multiplexing pattern 1 but also multiplexing pattern 2 and 3 are supported. For multiplexing pattern 2 and 3, we may assume UE will only open RF with the bandwidth of span of CD-SSB and CORESET#0, or switch RF between the bandwidth of CD-SSB and CORESET#0, since FR2 UE is assumed to have high complexity. With this assumption, we may only focus on whether the separate initial DL BWP contains CD-SSB or not.
We also start from two cases.
· Case 1: The separate initial DL BWP contains the entire CORESET#0
· Case 2: The separate initial DL BWP does not contain the entire CORESET#0
For Case 1, for multiplexing pattern 1, it is supported that the separate initial DL BWP can be used during and after initial access, similar as FR1. For multiplexing pattern 2 and 3, there seems no explicit agreement that the separate initial DL BWP can be used during initial access. However, there is implicit agreement that the separate initial DL BWP can be configured for random access when it does not contain CD-SSB.
For Case 2: there seems no explicit agreement that the separate initial DL BWP can be used during initial access. However, there is implicit agreement that the separate initial DL BWP can be configured for random access when it does not contain CD-SSB.
	Agreement
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective


Moreover, RAN2 has agreement that RedCap UE in idle/inactive mode can be configured with the separate initial DL BWP for RACH (see Appendix A.2 for details).
Therefore, in our view, Case 1 and Case 2 for the separate initial DL BWP can be supported in the following scenarios.
· FR2
· Case 1: The separate initial DL BWP contains the entire CORESET#0
· Multiplexing pattern 1: contains CD-SSB. It is supported with explicit agreement. It can be used for paging and random access both.
· Multiplexing pattern 2 or 3: does not contain CD-SSB. It is supported without explicit agreement. It can be used for paging and random access both.
· Case 2: The separate initial DL BWP does not contain the entire CORESET#0
· Multiplexing pattern 1: 
· contains CD-SSB: It is supported without explicit agreement. It can be used for random access only.
· does not contain CD-SSB: It is supported without explicit agreement. It can be used random access only.
· Multiplexing pattern 2 or 3: 
· contains CD-SSB: It is supported without explicit agreement. It can be used for random access only.
· does not contain CD-SSB: It is supported without explicit agreement. It can be used for random access only.
It can be summarized in the following table.
Table 3: The summary of scenarios for the separate initial DL BWP for FR2
	
	Case 1: Contains the entire CORESET#0
	Case 2: Does not contain the entire CORESET#0

	Contains CD-SSB
	Multiplexing pattern 1;
· Supported with explicit agreement;
· Used for paging and random access both.
	Multiplexing pattern 1: 
· Supported without explicit agreement;
· Used for random access only.
Multiplexing pattern 2 or 3: 
· Supported without explicit agreement;
· Used for random access only.

	Does not contain CD-SSB
	Multiplexing pattern 2 or 3;
· Supported without explicit agreement;
· Used for paging and random access both.
	Multiplexing pattern 1: 
· Supported without explicit agreement;
· Used random access only.
Multiplexing pattern 2 or 3: 
· Supported without explicit agreement;
· Used for random access only.



The limitation of using CORESET#0 as the initial DL BWP
In our view, always using CORESET#0 as the initial DL BWP for RedCap UEs has some limitations for the network. The limitations are listed as follows.
· In TDD, CORESET#0 may be placed in the center of the carrier.
· The separate initial UL BWP for RedCap UEs may be also placed in the center of the carrier for center frequency alignment. It may cause the UL resource fragmentation.
· Potentially RedCap UE and non-RedCap UE have different initial DL BWPs and they are overlapping, which cause the complexity of the broadcast PDSCH scheduling at gNB.
· In both TDD and FDD, CORESET#0 has limited choices of the bandwidth and the frequency location.
Therefore, always using CORESET#0 as the initial DL BWP for RedCap UEs should not be the only choice for the network. Instead, the network should have “full” freedom to configure the separate initial DL BWP.

Issue 1: How to save the signalling overhead?
Always using CORESET#0 as the initial DL BWP for RedCap UEs has benefit of the signaling overhead.
In RAN1#108-e, it was widely discussed how to save the signaling overhead when the SIB1 configuration initial DL BWP for non-RedCap UE is wider than the maximum bandwidth of RedCap UE. Three main options were proposed after discussion.
	[bookmark: _Hlk97041726]High Priority Proposal 2-1-2b: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, the UE behavior is up to RAN2, e.g., according to one of the following options down select between the following options:
· Option 1: A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).
· Option 2a: If a separate initial DL BWP is not configured for RedCap, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, the total frequency span of MIB-configured CORESET#0 and the initial UL BWP does not exceed the RedCap UE maximum bandwidth.
· Option 2b: If a separate initial DL BWP is not configured for RedCap, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, the center frequencies of the MIB-configured CORESET#0 and the initial UL BWP are aligned.


For Option 1, a separate initial DL BWP is always configured, and the signaling overhead (e.g. continue to use the bandwidth and location of CORESET#0, i.e. genericParameters) can be left to the optionality of IE (e.g. genericParameters) inside the separate initial DL BWP.
For Option 2a/2b, a separate initial DL BWP is not configured, and by default RedCap UEs continue to use the bandwidth and location of CORESET#0. The difference between Option 2a and 2b is the conditions to avoid RF retuning at RedCap UE side. One is the total frequency span of CORESET#0 and the initial UL BWP is no wider than the maximum RedCap UE bandwidth. Another one is the center frequency of CORESET#0 and the initial UL BWP are aligned. To us, the “total frequency span” is a new a terminology to be defined, and from UE implementation perspective, RedCap UE should determine the “total frequency span” for RF instead of BWP, and from the network perspective, the network should know RedCap UE opening RF as the “total frequency span” instead of BWP. It is totally new, and thus we do not support Option 2a to introduce the concept of the “total frequency span”.
In the final round of email discussion at RAN1#108-e, FL tried to merge them into the final version of Option 1 shown as follows, which can be regarded as the compromise of Option 1 and Option 2b.
	High Priority Proposal 2-1-2c: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· From RAN1 perspective, if generic parameters (location, bandwidth, SCS, and cyclic prefix) of this separate initial DL BWP are not configured, RedCap UE can continue to use the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0. Necessity and feasibility of signaling optimizations are up to RAN2. 
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).


However, it was still controversial and did not achieve consensus due to tight time frame. In our view, we support Option 1 and are fine for the final version of Option 1. Option 1 is clearer for specification, since there is only one possibility that the separate initial DL BWP is absent if we go Option 1, i.e. using the shared initial DL BWP, which has been captured in 38.331 (RAN2 CR R2-2204267).
	DownlinkConfigCommonSIB ::=     SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL-SIB,
    initialDownlinkBWP              BWP-DownlinkCommon,
    bcch-Config                         BCCH-Config,
    pcch-Config                         PCCH-Config,
    ...,
    [[
    initialDownlinkBWP-RedCap-r17    BWP-DownlinkCommon                                     OPTIONAL      -– Need R
    ]]
}
initialDownlinkBWP-RedCap
If present, RedCap UEs use this DL BWP instead of initialDownlinkBWP. If the locationAndBandwidth of this BWP contains the entire CORESET#0, the UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Otherwise, i.e., if the locationAndBandwidth of this BWP does not contain the entire CORESET#0, the UE uses this BWP also for receiving DL messages during initial access (Msg2, Msg4, ...) and after initial access.
If absent, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth (see also section 5.2.2.4.2).


The optionality of the separate initial DL BWP to save the signaling overhead can be left to the IEs insider the separate initial DL BWP.
	BWP-DownlinkCommon ::=              SEQUENCE {
    genericParameters                   BWP,
    pdcch-ConfigCommon                  SetupRelease { PDCCH-ConfigCommon }                                     OPTIONAL,   -- Need M
    pdsch-ConfigCommon                  SetupRelease { PDSCH-ConfigCommon }                                     OPTIONAL,   -- Need M
    ...
}


Therefore, we have the following proposal.
Proposal 2: Start from the final version of proposal for how to save the signaling overhead for the separate initial DL BWP.
For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· From RAN1 perspective, if generic parameters (location, bandwidth, SCS, and cyclic prefix) of this separate initial DL BWP are not configured, RedCap UE can continue to use the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0. Necessity and feasibility of signaling optimizations are up to RAN2. 
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).

The discussion of the NCD-SSB
Regarding the presence of the NCD-SSB, the network vendors mainly have the following concerns on the NCD-SSB.
· The potential large overhead of network resource due to the NCD-SSB;
· The feasibility (e.g. spec impact) of introducing the NCD-SSB.
For the overhead, thanks for the narrow bandwidth and the low duty cycle of SSB, in our view, the additional overhead due to the NCD-SSB is about 1%.
In RAN1#106bis-e [4], RAN1 decided to send an LS (R1-2110600) to RAN2/4 to ask about the feasibility and spec impact of NCD-SSB. Then, RAN2 replied the LS in R2-2111545, and RAN4 replied the LS in R4-2120327.  RAN2 thinks NCD-SSB is feasible basically but has some spec impact, e.g. RLM, BFD, and RAN4 thinks NCD-SSB is feasible basically but the possible spec impact needs the further study. Based on the reply from RAN2/4, RAN1 decided to start from Option 2 in RAN1#107-e. The following agreement is for FR1 [5].
	Agreement
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation (except for standalone use for RRM measurement) based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


The following agreement is for FR2 [5].
	Agreement
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


Furthermore, in RAN1#107-e, RAN1 sent an LS (R12112902) to RAN2/4 to include the above two agreements to show RAN1 views on NCD-SSB. 
After RAN1#107-e, RAN#94-e plenary also discussed some contents about the LS, and had the following agreements in RP-213689.
	Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17.
RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.


As input to RAN1#108-e, RAN2 replies the LS in R2-2201759, and RAN4 replies in R4-2200898. RAN2 officially confirmed that RedCap UE expects CD-SSB for paging, cell (re-)selection and measurement. Therefore, the working assumption that “If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective” is not necessary.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Issue 2: The presence of the NCD-SSB for random access in connected mode
Similar to the presence of the NCD-SSB for paging in connected mode, the presence of the NCD-SSB for random access in connected mode was also widely discussed. In the first serval rounds of discussion, it was the majority view that RedCap UE does not expect the separate initial DL BWP to contain SSB for random access in connected mode, similar to that in idle/inactive mode.
	High Priority Proposal 3-1d:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: For BWP#0 configuration option 1, a RedCap UE in connected mode does not expect to be scheduled on a separate initial DL BWP that does not contain SSB other than for connected-mode random access procedure.


However, in the next several rounds of discussion, a new option (Option 1) is raised. 
	[bookmark: _Hlk97041685]High Priority Proposal 3-1f: Down select between the following options:
· Option 1:
· For FR1, for BWP#0 configuration option 1,
· A RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· A RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· Option 2:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, a RedCap UE in connected mode is not required to receive any DL signals except for RACH-related messages and RRC-based BWP switch signal on a separate initial DL BWP that does not contain SSB other than during connected-mode random access procedure.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.


For Option 1, RedCap UE should always expect CD-SSB in the separate initial DL BWP in connected mode. In our view, it is a little strange. In idle/inactive mode, RedCap UE can perform random access in the separate initial DL BWP without SSB, but in connected mode, RedCap UE cannot perform random access in the separate initial DL BWP without SSB. It is contradict. To us, Option 1 is too far to go. We should focus on the random access in connected mode. 
Furthermore, Option 1 is not consistent with the following RAN2 agreements (see the corresponding RAN2 agreements in Appendix A.2).
In connected mode if RA occasions are not configured on the active BWP, RedCap UEs should use the RedCap-specific initial UL BWP, if configured, or else legacy BWP#0
Therefore, we support to start from Option 2.
Proposal 3: Start from the final version of Option 2 for the presence of the NCD-SSB for the random access in connected mode.
· Option 2:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, a RedCap UE in connected mode is not required to receive any DL signals except for RACH-related messages and RRC-based BWP switch signal on a separate initial DL BWP that does not contain SSB other than during connected-mode random access procedure.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.

Text for the existing agreements
How to capture the CD-SSB and NCD-SSB in 38.213?
In the email discussion after RAN1#108-e for draft of 38.213, there were about three alternatives proposed to capture the CD-SSB in 38.213:
· Alt-1: the SS/PBCH block the UE used to obtain physCellId in ServingCellConfigCommon;
· Alt-2: the SS/PBCH block the UE used to obtain ServingCellConfigCommonSIB; (QC proposed: this is because the configurations of CD-SSB other than PCI are contained in “ServingCellConfigCommonSIB”)
· Alt-3: the SS/PBCH block the UE used to obtain pdcch-ConfigSIB1 associated with SIB1; (QC proposed: this is because the valid scheduling information for SIB1 are included in “pdcch-ConfigSIB1”)
In our view, Alt-1 is suitable for the case where the UE acquires the CD-SSB in connected mode, e.g. by HO command, and Alt-2 and Alt-3 are similar and both suitable for the case where the UE acquire the CD-SSB in initial access. Therefore, we think the CD-SSB can be captured as:
· the SS/PBCH block the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon.
For the NCD-SSB, it seems that the NCD-SSB is configured by an new higher layer parameter (IE). Therefore, we think the NCD-SSB can be captured as:
· the SS/PBCH block provided by higher layer parameter [ncd-SSB].
The [ncd-SSB] is the IE of the NCD-SSB to be decided by RAN2.

Text for the presence of the SSB for paging in connected mode
In RAN1#108-e, it was agreed that only removing the working assumption is not enough. For paging in connected mode, the assumption of the presence of the SSB should be discussed. For BWP#0 configuration option 1, there are two alternatives for RedCap UE to receive paging:
· Alt-1: Switches to the legacy initial DL BWP containing CORESET#0 and CD-SSB;
· Alt-2: Switches to the separate initial DL BWP not containing CORESET#0 and CD-SSB.
After discussion, it was agreed that RedCap UE follows the rules in idle/inactive mode for receiving paging for BWP#0 configuration option 1 in connected mode, i.e. Alt-1.
	Agreement
         The following working assumptions from RAN1#107-e are NOT confirmed for idle/inactive mode and furthermore they are replaced by the agreements further down for connected mode.
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
         For BWP#0 configuration option 1,
· For FR1,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB and the entire CORESET#0.
· For FR2,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB.
         Note: For BWP#0 configuration option 2,
· For FR1,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB
· For FR2,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB


However, in the email discussion of draft of 38.213 for the presence of the SSB for paging, there was no consensus for the Text in 38.213. We will recall the history of drafting of the presence of the SSB for paging.
After RAN1#107e, the presence of the SSB in the initial DL BWP is written as follows.
	For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE monitors PDCCH according to a Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP includes a SS/PBCH block and does not include the CORESET with index 0.


It was just working assumption. After RAN1#108, it was agreed not to confirm the working assumption and the Text was modified as follows.
	For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE monitors PDCCH according to a Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP 
-	includes a SS/PBCH block and the CORESET with index 0 if the UE used the SS/PBCH block to obtain SIB1
-	includes a SS/PBCH block and does not include the CORESET with index 0 if the initial DL BWP does not include the SS/PBCH block the UE used to obtain SIB1


However, the yellow highlighted part (for paging in connected mode) does not mention connected mode and does not differentiate FR1 and FR2. So, many revisions were proposed in the email discussion. Honestly speaking, some revisions mixed the paging in connected mode and the random access together, which is very complicated in the wording. In addition, it is too early to capture the random access in connected mode (still pending as Issue 2). Therefore, we support separate two cases for paging in connected mode and the random access respectively. We suggest that the yellow highlighted pats above can be update as follows.
	For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB [without the dedicated RRC configuration], if a UE in RRC_CONNECTED state monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP includes [an SS/PBCH block that the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon], and for operation in FR1 includes the CORESET with index 0, unless the UE indicates a capability to operate otherwise.



Text for the presence of the SSB in the RRC-configured BWP
After RAN1#107e, the Text for the presence of the SSB in the RRC-configured DL BWP is drafted as follows:
	For an active DL BWP provided by BWP-DownlinkDedicated, a UE assumes that the active DL BWP includes a SS/PBCH block, unless the UE indicates a capability to operate in the DL BWP without receiving an SS/PBCH block, and does not include the CORESET with index 0.


In RAN1#108-e [3], the presence of the SSB in the RRC-configured DL BWP  in connected mode was updated in terms of the working assumption.
	Agreement
· A RedCap UE supports existing applicable mandatory feature(s) that are based on SSB using NCD-SSB (including NCD-SSB based measurements) as mandatory feature(s) in an RRC-configured DL BWP that does not include CD-SSB.
· NCD-SSB is ‘QCL’-ed with CD-SSB when the NCD-SSB and CD-SSB share the same SSB index.
· Note: RAN1 assumes that NCD-SSB is configured by higher layer


Considering this agreement, a “basic” RedCap UE should support the NCD-SSB and the NCD-SSB is QCLed with CD-SSB. According to this agreement and initial round of email discussion, the original Text is updated to the following Text:
	If an active DL BWP includes an SS/PBCH block provided by dedicated RRC configuration and does not include the SS/PBCH block the UE used to obtain physCellId in ServingCellConfigCommon, the UE uses the SS/PBCH block [provided by dedicated RRC configuration] to support all Layer-1 UE features that are mandatory without capability signalling as described in [18, TS 38.306]. The SS/PBCH block the UE used to obtain physCellId in ServingCellConfigCommon and the SS/PBCH block provided by dedicated RRC configuration have same quasi-colocation properties, if they have the same index.


Some companies suggested differentiating FR1 and FR2 by using multiplexing patterns. We think it may be a misunderstanding in the context of email discussion. Along this way, the Text is finally updated as the follows.
	For an active DL BWP provided by dedicated RRC signalling
· the UE assumes that the active DL BWP includes a SS/PBCH block
· for SS/PBCH block and CORESET multiplexing pattern 1, the UE does not expect the active DL BWP to include the CORESET with index 0
· if the active DL BWP includes an SS/PBCH block provided by dedicated RRC signalling and does not include the SS/PBCH block the UE used to obtain [physCellId or SIB] in ServingCellConfigCommon, the UE uses the SS/PBCH block provided by dedicated RRC configuration to support all Layer-1 UE features that are mandatory without capability signalling. The SS/PBCH block the UE used to obtain [physCellId or SIB] in ServingCellConfigCommon and the SS/PBCH block provided by dedicated RRC configuration have same quasi-colocation properties, if they have the same index


We think the sentence that “for SS/PBCH block and CORESET multiplexing pattern 1, the UE does not expect the active DL BWP to include the CORESET with index 0” is not necessary. The “but not CORESET#0/SIB” in the agreement can be resolved in RAN2 spec, since RAN2 confirmed the RAN conclusion that RedCap UE monitors paging/SIB only in the initial DL BWP containing CORESET#0.
A RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB
Furthermore, the “but not CORESET#0/SIB” indeed means no procedure of paging, cell (re-)selection or measurement, which is not suitable to be captured in RAN1 spec. Therefore, we suggest not mentioning “but not CORESET#0/SIB” in 38.213, and keeping the original structure of agreements as follows.
· Connected mode
· BWP#0 configuration option 2
· For the active RRC-configured DL BWP
· The presence of the SSB: It has agreements.
· BWP#0 configuration option 1
· For the active RRC-configured DL BWP (the non-initial DL BWP)
· The presence of the SSB: It has agreements.
· For the legacy initial DL BWP
· The presence of the SSB: containing the CD-SSB as legacy, no spec impact.
· For the separate initial DL BWP
· The presence of the SSB for paging: It has agreements.
· The presence of the SSB for random access: It is TBD (Issue 2).
The above yellow highlighted parts are captured separately and the corresponding Text is shown as follows.
	For an active DL BWP provided by dedicated RRC signalling
· a UE that supports all Layer-1 UE features that are mandatory without capability signalling assumes that the active DL BWP includes a SS/PBCH block
· if the active DL BWP includes [an SS/PBCH block provided by higher layer parameter ncd-SSB] and does not include [the SS/PBCH block the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon], the UE uses [the SS/PBCH block provided by higher layer parameter ncd-SSB]. [The SS/PBCH block the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon] and [the SS/PBCH block provided by higher layer parameter ncd-SSB] have same quasi-colocation properties, if they have the same index


According to the above discussion, we have the Text Proposal in Appendix A.1.
Proposal 4: Consider to adopt the Text Proposal for the existing agreement (until RAN1#108-e) in Appendix A.1.

Conclusion
As the conclusion, we have the following observations.
RF retuning for FH and “fast” BWP switch
Observation 1: Whether to support RF-based FH or “fast” BWP switch in a wider bandwidth than the RedCap UE bandwidth is out of the scope of the RedCap WID objectives.
Observation 2: If the coverage recovery subtopic is open to discussion, whether RF-based FH or “fast” BWP switch in a wider bandwidth than the RedCap UE bandwidth is prioritized than other schemes, e.g. repetition, should be further discussed.
Observation 3: It is not necessary to send LS to RAN4 for RF retuning.
RF retuning for SSB processing
Observation 4: In context of RedCap, FG 6-1a means the RedCap UE should retune RF to process SSB/CORESET#0 outside the UE-specific BWP.
Observation 5: There is only one condition for “without measurement gap” in 38.133 for RedCap UEs, i.e. “the SSB is completely contained in the active BWP of the UE”.
Observation 6: Conditions for “without measurement gap” in 38.133 should be revisited for RedCap UEs.
Observation 7: Gaps due to RF retuning for AGC/sync/measurement should be considered for discussion of the separate initial DL BWP during initial access.
Observation 8: gNB can avoid selecting the entries that exceeds 100MHz BW containing both SSB and CORESET#0 for SSB/CORESET#0 multiplexing pattern 2/3 in FR2.
RF retuning between DL/UL
Observation 9: It is common understanding that the center frequencies are aligned between the initial DL BWP and the initial UL BWP.
Observation 10: The center frequencies misalignment between CORESET#0 and the initial UL BWP may happen, and there is no further spec impact.

As the conclusion, we have the following proposals:
RF retuning for SSB processing
Proposal 1: Remove “CORESET#0” or add a note in FG 6-1/6-1a/6-2/6-3/6-4. The note is “For RedCap UE, CORESET#0 here means CORESET#0 or CORESET of CSS”.
The remaining issues
Proposal 2: Start from the final version of proposal for how to save the signaling overhead for the separate initial DL BWP.
For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· From RAN1 perspective, if generic parameters (location, bandwidth, SCS, and cyclic prefix) of this separate initial DL BWP are not configured, RedCap UE can continue to use the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0. Necessity and feasibility of signaling optimizations are up to RAN2. 
Proposal 3: Start from the final version of Option 2 for the presence of the NCD-SSB for the random access in connected mode.
· Option 2:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, a RedCap UE in connected mode is not required to receive any DL signals except for RACH-related messages and RRC-based BWP switch signal on a separate initial DL BWP that does not contain SSB other than during connected-mode random access procedure.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
Text Proposal for the existing agreements
Proposal 4: Consider to adopt the Text Proposal for the existing agreement (until RAN1#108-e) in Appendix A.1.
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Appendix
A.1  Text Proposal for the existing agreements
We have the following Text Proposal for the existing agreement (until RAN1#108-e) based on 38.213-h01.
/************************ Start of Text Proposal **************************/
[bookmark: _Toc99993880]17.1	RedCap UE procedures
/************************ Unchanged parts omitted**************************/
For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE monitors PDCCH according to a Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP 
-	includes a SS/PBCH block and the CORESET with index 0 if the UE used the SS/PBCH block to obtain SIB1
-	includes a SS/PBCH block and does not include the CORESET with index 0 if the initial DL BWP does not include the SS/PBCH block the UE used to obtain SIB1
For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB [without  the dedicated RRC configuration], if a UE in RRC_CONNECTED state monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP includes [an SS/PBCH block that the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon], and for operation in FR1 includes the CORESET with index 0, unless the UE indicates a capability to operate otherwise.
For an active DL BWP provided by BWP-DownlinkDedicated, 
· aA UE that supports all Layer-1 UE features that are mandatory without capability signalling assumes that the active DL BWP includes a SS/PBCH block, unless the UE indicates a capability to operate in the DL BWP without receiving an SS/PBCH block, and does not include the CORESET with index 0.
· If the active DL BWP includes [an SS/PBCH block provided by higher layer parameter ncd-SSB] and does not include [the SS/PBCH block the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon], the UE uses [the SS/PBCH block provided by higher layer parameter ncd-SSB]. [The SS/PBCH block the UE used to obtain ServingCellConfigCommonSIB or physCellId in ServingCellConfigCommon] and [the SS/PBCH block provided by higher layer parameter ncd-SSB] have same quasi-colocation properties, if they have the same index
/************************ End of Text Proposal **************************/

A.2  RAN2 agreements on relationship between NCD-SSB and BWP
RAN2#116bis-e:
1. A RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB
2. If a RedCap-specific initial UL BWP is configured for RACH, RedCap UEs shall use only the RedCap-specific initial UL BWP to perform RACH.

1. If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, measurements are based on CD-SSB for initial RACH resource selection.
2. If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, PDCCH-ConfigCommon of the separate initial DL BWP includes common search space configuration for RAR.
3. From RAN2 perspective, if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission. 
4. RedCap-specific two-step RACH, if configured, and four-step RACH are always configured in the same BWP.
5. In RRC connected mode NCD-SSB may be configured for a RedCap UE in dedicated DL BWP.
6. For connected mode operation NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) as the corresponding CD-SSB. FFS if an additional property needs to be specified.
7. For connected mode operation if NCD-SSB is configured in a dedicated DL BWP, RedCap UE assumes that “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refer to the beam with the same index in the NCD-SSB configured in that BWP.
8. For connected mode operation if NCD-SSB is configured in a dedicated DL BWP whose paired UL BWP is configured with RACH-ConfigDedicated, RACH-ConfigCommon or BeamFailureRecovery Config, SSB in that RACH configuration (e.g., in CFRA-SSB-Resource IE or in PRACH-ResourceDedicatedBFR IE) refers to the NCD-SSB configured in that DL BWP.

1. The network may provide absoluteFrequencySSB and ssb-periodicity explicitly for NCD-SSB, i.e., other properties such as PCI, ssb-PBCH-BlockPower, ssb-PositionsInBurst are configured with the same values from serving cell's CD-SSB. FFS for the time offset (feedback from RAN1 might also be received)
2. Send a reply LS to RAN1 (cc: RAN4) indicating that "The use of CSI-RS for cell/beam RLM and measurements is supported from RAN2 signaling standpoint as indicated earlier. RAN4 has informed RAN2 and RAN1 that CSI-RS cannot be used as a standalone mechanism for RRM measurements and existing requirements rely on the presence of SSB signals. RAN2 does not intend to introduce a new mechanism that would enable a RedCap UE to perform CSI-RS based RRM measurements and think that it is up to RAN4 to decide whether RAN1 working assumption regarding the use of CSI-RS in connected mode is acceptable based on the information provided above."
3. Send a LS to RAN4 (Cc: RAN1) to inform that "it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH." and ask them to check if they need to do anything in their specs.
Working Assumption: The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB

RAN2#117-e:
1. RAN2 confirms that it is up to network implementation, but it is expected that the network configures a MO on the NCD-SSB frequency if it wants the UE to use it only for serving cell measurements when some neighbor cells do not send an SSB on UE’s NCD-SSB frequency.
2. For neighbour cell measurements, it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact)
3. servingCellMO is configured to the MO on the CD-SSB when RedCap specific BWP of a UE contains neither CD-SSB nor NCD-SSB.
4. A RedCap UE may be configured with multiple NCD-SSBs, but only one per BWP (FFS on what "only one per BWP" means).
5. The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.
6. NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)
7. The discussion on whether a non-RedCap UE should be able to use NCD-SSB instead of CD-SSB is deprioritized in Rel-17.
8. For RedCap-specific BWP, both common and dedicated configurations are provided using full configuration, i.e., delta configuration is not supported.
9. RAN2 confirms that upon failure of RRC connection setup/resume, UE operates in the initial BWP in which it has been configured to monitor paging (no spec impact)

1. In case a notification for system information update or ETWS and/or CMAS is transmitted, RAN2 confirms that system information can be provided via dedicated signaling to a RedCap UE in an active DL BWP that does not contain CD-SSB.
2. RAN2 confirms that SIB1 can be provided via dedicated signaling to a RedCap UE in an active DL BWP that does not contain CD-SSB after an handover in which dedicatedSIB1-Delivery IE is not included in the handover command

1. A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB
2. In connected mode if RA occasions are not configured on the active BWP, RedCap UEs should use the RedCap-specific initial UL BWP, if configured, or else legacy BWP#0
3. In case RedCap-specific initial DL BWP contains CD-SSB and CORESET#0, PDCCH-ConfigCommon is included in the configuration of RedCap-specific initial DL BWP. RedCap UEs don't need to read the PDCCH-ConfigCommon configuration from legacy initial BWP if RedCap-specific initial BWP is signalled

1. Send a LS to RAN4/RAN1 saying that from RAN2 signaling standpoint CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset and asking if this is feasible/needed.
2. [bookmark: _GoBack]The network may configure a dedicated BWP associated with NCD-SSB in an RRCReconfiguration which includes reconfigurationWithSync.

1. Capture the below Note in RACH section in MAC specification as the starting point:
NOTE X1: If a RedCap UE in RRC_IDLE or RRC_INACTIVE mode is configured with a BWP indicated by [initialDownlinkBWP-RedCap] which is not associated with any SSB, SS-RSRP measurement is performed based on the SSB associated with the BWP indicated by initialDownlinkBWP.
2. There is no new UE behaviour (i.e. no specification impact) for the case where the UE uses the RedCap-specific initial DL/UL BWP for RACH, if the number of preamble transmission is reached to the maximum value and a random access problem is indicated to the upper layer.

