3GPP TSG RAN WG1 #111			R1-2212527
Toulouse, France, November 14th – 18th, 2022

[bookmark: Source]Agenda item:	8.16.1
Source: 	Moderator (NTT DOCOMO, INC.)
Title: 	Summary#1 on UE features for RedCap
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
This document summarizes contributions submitted to AI 8.16.1 regarding UE features for RedCap and captures company views based on the announcement in the following email thread.
	[111-R17-UE_features_1] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc – Hiroki (DOCOMO)



In addition, based on the Main session in Monday morning, following tdoc in AI 7.1 is also handled in this summary.
	UE FG3-1
R1-2212484	Discussion on UE FG3-1 for Rel-15 UEs	Huawei, HiSilicon




- 7/7 -
2. Discussion on UE features for RedCap
2.1	28-1: 
In [2], following proposal on FG 28-1 is provided.
	[2]
	Huawei, HiSilicon
	For NR Rel-15/16 UE, the basic FG 3-1 for DL control channel is support of “one configured CORESET per BWP per cell in addition to CORESET0” as in TR 38.822. So gNB can only configure one CORESET with ControlResourceSetId other than 0 in a BWP (initial/non-initial BWP). Note, since the specification does not limit the additionally configured CORESET to be a common CORESET or a UE specific CORESET, the UE should be able to handle both common and UE specific CORESETs, in addition to CORESET0. The limit applies on the total number of CORESETs that a UE needs to handle per a basic capability. However, for RedCap UEs, due to limited UE bandwidth capability, the use of BWP configured without CD-SSB and CORESET0 is expected to be critically important for commercial success, and such capability limit means that gNB can only configure one CORESET regardless of common and dedicated search spaces, when the BWP does not contain CORESET0. The limit will much reduce network scheduling flexibility. In most scenario, network has a need of configuring two CORESETs in one BWP.
One example is for UCNC scenario that a cell deploys multiple TRPs, which is widely used from LTE.  In current commercial network, after Msg4 and before UE reports its capability to gNB, generally gNB will continue using the initial DL BWP to perform RRC signaling interaction with UE. gNB will configure a UE dedicated CORESET including pdcch-DMRS-ScramblingID as C-RNTI in the initial DL BWP. It is beneficial of reducing the PDCCH interference, especially for the UEs located at the overlapping area of neighbor TRPs. However, for RedCap UEs, as specified in TS 38.213 in Rel-17, a separate initial DL BWP configured in SIB1 has been introduced and it is allowed not to contain CORESET0. When the separate initial DL BWP doesn’t contain the entire CORESET0, it can be used for random access procedure. Then gNB has to configure an additional common CORESET and RA-search space for Msg2/MsgB/Msg4 monitoring. So, for the period after Msg4, gNB can’t configure a UE dedicated CORESET anymore. gNB has to continue using the common CORESET configured pdcch-DMRS-ScramblingID as PCI. Thus, the PDCCH interference will be high, especially for the RedCap UEs located at the overlapping area of neighbor TRPs. That will cause PDCCH performance loss and then influence the UE’s access procedure. To avoid the above issue, RedCap UEs had better to support two CORESETs per BWP per cell in addition to CORESET0 when the BWP doesn’t contain CORESET0.
Another example is supporting paging, SIB1 and OSI in a dedicated BWP for RedCap UEs in RRC connected mode. As agreed in RAN2#119, for dedicated BWP of a RedCap UE in RRC connected mode, pagingSearchSpace, SearchSpaceOtherSysteminformation and searchSpaceSIB1 can be configured in PDCCH-ConfigCommon, if the dedicated BWP does not include CD-SSB and the entire CORESET0. So a common CORESET for these common message transmission is needed. While, this configured BWP is certainly expected for UE specific data/traffic use, thus a dedicated CORESET is also needed. So for this scenario, the network has a need of configuring two CORESETs in a BWP that doesn’t contain the entire CORESET0.
In addition, DCI format 2_x which are UE-group specific have been already defined in the specification, such as DCI format 2_6. As specified in Rel-16, it is used for notifying the power saving information outside DRX Active Time for one or more UEs and is beneficial of UE power saving. And it makes more sense for some RedCap UE use cases, which support several weeks, even several years battery life. To support DCI format 2_6, network will be more likely to configure an additional CORESET in addition to the dedicated CORESET for other unicast transmission. So for DCI format 2_6, the scrambling sequence of the corresponding PDCCH DMRS can be initialized by a common ID for the UE group. For such similar scenarios, the network also has a need of configuring two CORESETs in a BWP that doesn’t contain the entire CORESET0.
In summary, to support cell/UE-group specific transmission and UE specific transmission in a BWP that doesn’t contain the entire CORESET0, the network indeed has a strong need of configuring two CORESETs in a BWP that doesn’t contain the entire CORESET0.
So based on the above discussion, we propose to support two CORESETs per BWP per cell in addition to CORESET0 when the BWP doesn’t contain CORESET0, as basic RedCap UE capability. Thus, we have the following proposal.
Proposal 6: For FR1 a RedCap UE supports one configured CORESET per BWP per cell in addition to CORESET0 if the BWP contains the entire CORESET0, otherwise, two configured CORESETs per BWP per cell in addition to CORESET0.



Based on above, although the proposal was already discussed at RAN1#110 meeting and no consensus was achieved as below, there is a relevant draft CR in R1-2212484 in AI 7.1 at the RAN1#111 meeting. Therefore, following proposal can be quickly discussed again to check if the situation has changed at the RAN1#111 meeting.
	Conclusion:
FFSs for FG 28-1/1a regarding any additional components are to be removed.




Proposal 2-1:
Add following component for FG28-1
· For FR1 a RedCap UE supports one configured CORESET per BWP per cell in addition to CORESET0 if the BWP contains the entire CORESET0, otherwise, two configured CORESETs per BWP per cell in addition to CORESET0

	Company
	Comment

	Ericsson
	We are fine with the proposal. For FR2, we assume that FG 3-3 applies.

	vivo
	This issue was discussed in RAN1#110 meeting and as moderator mentioned that the conclusion was made that “FFSs for FG 28-1/1a regarding any additional components are to be removed.”
For RedCap UE having limited bandwidth, one CORESET still works. And RedCap UE can report FG 3-3 to support more than one coreset if it is easy to implement. We are still not convinced about the essentialness.

	Moderator (NTT DOCOMO)
	Thank you very much for the inputs!
Further inputs from companies will be appreciated.

	Nokia, NSB
	We are fine to have clarification on this issue, which we believe should be aligned with that related to FG3-1. For that, please find comment below.

	Qualcomm
	We do NOT support this proposal for RedCap UE. 
It is not necessary for RedCap UE with baseline capabilities to support two configured CORESETs per BWP per cell.  For RedCap UE in idle/inactive mode, one common CORESET is sufficient. For RedCap UE in connected mode, both CSS sets and USS sets can be configured, which are associated with a single CORESET. 

	Huawei
	Support. And note for RedCap UE with BWP including CORESET0, it is already support two CORESETs including one as CORESET0. The other CORESET can be either common or UE specific, which is not restricted by current specification. Not sure what QC means by baseline UE capability not supporting two CORESETs.

	CMCC
	Fine with the proposal.

	NTT DOCOMO
	We support this proposal if it is clarified that FG3-3 is prerequisite feature for FG6-1a or FG3-1 is clarified that two CORESETs other than CORESET#0 is configured if CORESET#0 is not contained in DL BWP. However, given that FG3-3, i.e., two CORESET configuration in addition to CORESET#0, is optional capability even for the UE supporting FG6-1a in the current specification, the same handling as legacy UE seems sufficient, i.e., the proposed component is not supported as RedCap basic feature and the UE supporting FG28-1 can also report the support of FG3-3.

	LGE
	We tend to think that adding the proposed component might be beneficial in some sense, but as the optional capability FG 3-3 is available for RedCap UEs, we don’t think there is a strong motivation to adopt the proposal 2-1. 

	MediaTek
	We share a similar view with vivo an LGE. FG3-3 can be indicated if UE justifies more gains than efforts in the target scenario. Therefore, we don’t support this proposal.  

	Moderator (NTT DOCOMO)
	Thank you very much for further inputs!
There is no consensus on the proposal 2-1 (addition of new component to FG28-1) similar to previous meeting situation. 
I suggest stopping the discussion on this proposal.

	Qualcomm
	Agree with Moderator




2.2	UE features regarding 2Tx
In [3], following observation on UE features regarding 2Tx is provided.
	[3]
	ZTE
	For the UE feature regarding 2Tx, RAN1 has discussed this issue for two meetings without the consensus. Therefore, the following is just for referring.
Additionally, according to the RAN4 discussion [2] as following, actually 2Tx is excluded and some discussion details can be found in [3]:
	Issue 1-1: Power class and TX architecture in FR1
· Proposals: 
·  Option 1: Agree below agreement from RAN4#101-bis-e 
Issue 1-1-1: 1 PC3 UL TX architecture assumption 
· WF
· For TX architecture of 23 dBm PA  
Issue 1-1-2: PC2 UL TX architecture assumption
· WF
· 1 TX of 26 dBm PA in Rel-17 and 2 TX architecture is excluded in Rel-17 
Issue 1-1-3: PC2 support for HD-FDD mode
· WF
· PC2 support based on operator request 
· Recommended WF
· Option 1
Discussion: 
Agreement: agree on Option 1.



Additionally, according to the RAN4 discussion, actually 2Tx is also not supported and the corresponding text in TS38.306 is described as follows
	[bookmark: _Toc115386313]4.2.21	RedCap Parameters
[bookmark: _Toc115386314]4.2.21.1	Definition of RedCap UE
RedCap UE is the UE with reduced capability:
-	The maximum bandwidth is 20 MHz for FR1, and is 100 MHz for FR2. UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2 are not supported by RedCap UEs;
-	The maximum mandatory supported DRB number is 8;
-	The mandatory supported PDCP SN length is 12 bits while 18 bits being optional;
-	The mandatory supported RLC AM SN length is 12 bits while 18 bits being optional;
-	For FR1, 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported; for FR2, either 1 or 2 DL MIMO layers can be supported, while 2 Rx branches are always supported. For FR1 and FR2, UE features and corresponding capabilities related to more than 2 UE Rx branches or more than 2 DL MIMO layers, as well as UE features and capabilities related to more than 1 UE Tx branch or more than 1 UL MIMO layer are not supported by RedCap UEs;
-	CA, MR-DC, DAPS, CPAC and IAB (i.e., the RedCap UE is not expected to act as IAB node) related UE features and corresponding capabilities are not supported by RedCap UEs. All other feature groups or components of the feature groups as captured in TR 38.822 [24] as well as capabilities specified in this specification remain applicable for RedCap UEs same as non-RedCap UEs, unless indicated otherwise.



Therefore, we have the following observation:
Observation 1: UE features and capabilities related to more than 1 UE Tx branch or more than 1 UL MIMO layer are not supported by RedCap UEs



Based on above, just the observation is provided, and no further action seems to be necessary as the observation is derived from the TS38.306 text. Therefore, the moderator suggests no discussion on the observation unless there is any request for discussion.

	Company
	Comment

	Ericsson
	We are fine with the moderator suggestion (i.e., no further discussion).

	vivo
	We support moderator’s suggestion. 

	Moderator (NTT DOCOMO)
	Thank you very much for the inputs!
It seems companies share the same understanding that no further discussion is necessary.

	Qualcomm
	We can live with the suggestion of FL, if it is the majority view of companies.

	CMCC
	Fine with moderator’s suggestion. 

	NTT DOCOMO
	We support Modetrator’s suggestion.

	LGE
	We support the Moderator’s suggestion. 




2.3	FG3-1
In [4], following proposal is provided.
	[4]
	Huawei, HiSilicon
	In Rel-15 specification, FG 3-1 is specified to define UE basic DL control channel, which is mandatory without capability signalling. In FG3-1, it specifies that a UE supports one configured CORESET per BWP per cell in addition to CORESET0. However, it is not clear to us whether it is applicable only for the case that a BWP contains the entire CORESET0, or, also applicable for the case that a BWP doesn’t contain the entire CORESET0.  The former case that a BWP contains the entire CORESET0 is defined in FG 6-1, which defines the basic BWP operation with restriction and is mandatory without capability signalling. To provide more flexibility for BWP configuration, the latter case is also introduced as FG 6-1a, which defines the BWP operation without restriction on BW of BWP(s), as optional with capability signalling, as shown below.
	DL control channel and procedure
	3-1
	Basic DL control channel
	1) One configured CORESET per BWP per cell in addition to CORESET0
<omitted>
	
	Mandatory without capability signalling

	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	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
	
	Mandatory without capability signalling

	
	6-1a
	BWP operation without restriction on BW of BWP(s)
	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
	6-1, 6-2, 6-3, or 6-4
	Optional with capability signalling



If it is applicable for the case that the BWP contains the entire CORESET0, it means that a BWP can be configured with two CORESETs, CORESET0 and an additional common/dedicated CORESET. However, if it is applicable for the case that the BWP doesn’t contain the entire CORESET0, it means the BWP can only be configured with one common/dedicated CORESET. It will have great negative impact on network scheduling. For a BWP without CORESET0, in addition to unicast transmission, network may configure some cell common transmission or UE group common transmission. An example is that network may configure additional paging, SIB1 and other common messages. Another example is network may configure random access resource in the BWP, including PRACH resources, RA-search space for RAR. Another example is some UE group common DCI, such as, DCI format 2_x. All the above scenarios show that in addition to a dedicated CORESET for unicast transmission, at least one additional common or dedicated CORESET is needed. 
For a UE operating on a BWP without CORESET0, the total number of CORESET0 in the proposed case is two. Note for a UE operating on a BWP containing CORESET0, the same total number of CORESETs is supported by any UEs, and the additional CORESET in addition to CORESET0 can be common or dedicated CORESET, which is not restricted by FG 3-1. Thus, the UE is supposed to be able to handle CORESET0+ one additional common CORESET, or CORESET0+ one additional dedicated CORESET, but not both at a same time. From UE capability point of view, in the absence of CORESET0, supporting one other common CORESET plus one additional dedicated CORESET seems very natural and does not impose any additional UE complexity. Also, CORESET0 can functionally in NR serves all other cases as well that can be served by a common CORESET other than CORESET0, for which reason the UE complexity of supporting CORESET0 and other common CORESET is also the same.
Based on the above, we propose that a UE supports one configured CORESET per BWP per cell in addition to CORESET0 if the BWP contains the entire CORESET0, otherwise, two configured CORESETs per BWP per cell in addition to CORESET0.
Proposal 1: Clarify FG 3-1 that a UE supports one configured CORESET per BWP per cell in addition to CORESET0 if the BWP contains the entire CORESET0, otherwise, two configured CORESETs per BWP per cell in addition to CORESET0.



Based on above and companies’ feedbacks in Monday morning main session, it may be possible to make some clarification as conclusion instead of having CR for previous releases.
As several companies concerned to change the existing FGs especially FG3-1, one possible clarification is that UE supporting concerned scenario (FG6-1a) can also support FG3-3 so that the UE can be configured with more than one CORESET for a BWP which does not contain the entire CORESET0, as some company pointed in Monday morning main session. Another possible way is to make FG3-3 as prerequisite or component of FG6-1a so that if the UE supports concerned scenario (FG6-1a), UE should support more than one CORESET for a BWP which does not contain the entire CORESET0. Anyway, for both potential cases, it should also be clarified that FG3-1 requires the support of only one CORESET other than CORESET0 for a BWP even if the BWP does not contain the entire CORESET0 according to the discussion in Monday morning session.
	3-3
	More than one
CORESET configurations per BWP in addition to CORESET0
	More than one
CORESET configurations per BWP in addition to CORESET0
	
	multipleCORESET
	Phy-ParametersFRX-Diff
	No
	Yes
	
	Optional with capability signalling for FR1
Mandatory with capability signalling for FR2



Companies are encouraged to provide their views on this issue including above summary and possible proposals.
	Company
	Comment

	Ericsson
	We are fine with the moderator suggestion (and with Proposal 1).

	vivo
	As commented, the UE supporting FG6-1a can indicate supporting FG3-3 if it is easy to implement. Current specification does not have any issue to be solved. 

	Samsung
	As we commented in morning session, we think utilizing several search space sets can release the scheduling flexibility when only one CORESET other than CORESET0 is configured in a BWP. Alternatively, the UE can change the BWP where CORESET0 is contained. In our view, current specification does not have any issue.

	Moderator (NTT DOCOMO)
	Thank you very much for the inputs!
Further inputs from companies will be appreciated.

	Nokia, NSB
	If we understand the proposal right, it assumes that FG3-1 means that the UE supports two CORESETs, so if CORESET0 is not fully within a BWP (i.e. CORESET0 is not a valid CORESET when this BWP is active) then that BWP can be configured with two CORESETs. Notably it is possible to have the SSB within a BWP while CORESET0 is not fully within the BWP, i.e. a BWP that doesn’t fully contain CORESET0 seems to be a valid configuration for all Rel-15 UEs.
If it is agreeable that the UE can support always two CORESETs per BWP, either CORESET0 (if present in the BWP) + 1 explicitly configured one, or two explicitly configured one (if CORESET0 not fully within the BWP), we would support the clarification. If no such clarification is agreed, we have to assume that the “basic” UE can be explicitly configured with at most one CORESET (in addition to CORESET0), no matter whether the CORESET0 is fully contained within the BWP or not.

	Qualcomm
	We do not support this proposal for the following reasons:
1. the RedCap-specific initial DL BWP used for idle/inactive mode should contain a common CORESET for initial access,  if it does not contain the entire CORESET#0 configured by MIB; however, it is not necessary to configure a second common CORESET by SI in the RedCap-specific initial DL BWP;
1. if the default or RedCap-specific initial DL BWP used for idle/inactive mode does contain the entire CORESET#0, it is not necessary to configure a second common CORESET for RedCap UE to support idle mode procedures (SI acquisition, RA, paging).
1. if the default or RedCap-specific initial DL BWP used for connected mode does not have any UE-specific dedicated configurations (Figure B2-1 of TS 38.331), it is not necessary to support more than one CORESET configuration for RedCap UE;
1. it is unclear to us what the half sentence after “otherwise” means, if “otherwise” relates to the BWP does NOT contain the entire CORESET#0.


	Huawei
	Support. Agree with what Nokia understands.
And we are discussing the basic UE capability – do not understand why some companies want to rely on another optional feature to resolve an issue – it certainly make the issue not resolved in real sites considering the support level of optional capability.

	CMCC
	Does the otherwise part means an optional capability FG 6-1a that the BWP does not contain the entire CORESET0 or the Scell case in component 4) of FG6-1?
Component 4) of  FG6-1,
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
If it is for FG6-1a, it seems already an optional capability, then it may be not related to FG3-1. If it is for SCell of FG6-1, we are not sure whether the motivation of two CORESET still exist?

	NTT DOCOMO
	We tend to agree with vivo.

	LGE
	We have the same understanding as vivo.

	MediaTek
	Similar comments as in Proposal 2-1, we don’t see the necessity for this proposal. FG 3-3 can be used instead. 

	Moderator (NTT DOCOMO)
	Thank you very much for further inputs!
At least the proposal 1 in [4] (updating FG3-1) seems not agreeable.
Therefore, there would be following three possible ways based on the discussion so far.
Alt.1: 
· Clarify that FG3-1 requires the support of only one CORESET other than CORESET0 for a BWP even if the BWP does not contain the entire CORESET0 
· If UE supporting FG6-1a also supports FG3-3, UE can be configured with more than one CORESET other than CORESET0 for a BWP.
Alt.2: 
· Clarify that FG3-1 requires the support of only one CORESET other than CORESET0 for a BWP even if the BWP does not contain the entire CORESET0
· Add FG3-3 as prerequisite FG for FG6-1a so that UE can be configured with more than one CORESET other than CORESET0 for a BWP.
· FFS from which release this addition is applied
Alt.3:
· Clarify that FG3-1 requires the support of only one CORESET other than CORESET0 for a BWP even if the BWP does not contain the entire CORESET0
· Add a component for FG6-1a so that UE can be configured with more than one CORESET other than CORESET0 for a BWP which does not contain the entire CORESET0.
· FFS from which release this addition is applied

Further feedbacks from companies will be appreciated.

	LGE
	We think Alt.1 is enough, so that there is no need for further discussion on “from which release this addition is applied”.

	Samsung
	We think current specification is clear, so Alt1 is fine.

	vivo
	We also prefer Alt.1. 

	NTT DOCOMO
	We also think the current specification seems sufficient and we support Alt.1.

	Ericsson
	We are fine with Alt. 1, but perhaps “FG6-1a” should be replaced with “FG6-1a or FG28-1a” to cover both the non-RedCap and RedCap cases.

	Qualcomm
	We support Alt.1.
We also agree with the comments of Ericsson above. In R17 UE feature discussion for RedCap, it has been agreed that RedCap UE is NOT required to support FG 6-1, whereas FG 6-1 is a pre-requisite of FG 6-1a for non-RedCap UE per TR 38.822-g30. Therefore, FG 6-1a does not apply to R17 RedCap UE. If Alt.1 is considered for RedCap UE, FG 6-1a should be replaced by FG 28-1a.

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks.
Following is the proposed conclusion.
[bookmark: _Hlk119552406]Proposed conclusion:
· FG3-1 requires the support of only one CORESET other than CORESET0 for a BWP even if the BWP does not contain the entire CORESET0
· If UE supports FG3-3, UE can be configured with more than one CORESET other than CORESET0 for a BWP
· UE supporting FG6-1a or FG28-1a can optionally support FG3-3 so that the UE can be configured with more than one CORESET other than CORESET0 for a BWP which does not contain the entire CORESET0 





3. Conclusions
TBD
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