


Page 1

[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #113-e	R2-2100311
Online, January 25 – February 5, 2021	

Agenda item:	8.12.2.1
Source:	Qualcomm Incorporated
Title:	Impact of reduced capabilities on upper-layer procedures 
[bookmark: _Hlk506366071]WID/SID:	FS_NR_redcap
Document for:	Discussion and Decision
Introduction
The RedCap SID includes the following objectives:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 


In RAN2 #111-e meeting, the following agreements were made:
	Depending on RAN1 input, discussion is expected at least on the following impacts on RAN2 procedures: cell (re)selection, initial access, and other idle mode procedures (i.e. SI acquisition, paging)
An indication in system information is needed to indicate whether a REDCAP UE can camp on the cell. FFS whether the indication is explicit or implicit.


This paper discusses impacts of reduced capabilities on idle procedures such as initial access and cell re-/selection procedure.
Discussion
Identification of RedCap UEs in initial access
Reduced number of Tx/Rx antennas would impact transmission and reception in initial access most, as radio link between gNB and UE is not established yet. We hence expect enhancements such as repetition will be introduced for RedCap to ensure loss in coverage would be minimized. 
In RAN1#103e, the following agreement on coverage recovery for RACH Msg3 was made:
	For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed.


Observation 1. 	Coverage recovery is needed for Msg3 transmission. 
What this agreement implies is that in case of 4-step RACH, when network provides UL grant in RAR for UE’s Msg3, it needs to know whether the UE is a full-capability UE or a RedCap UE, because the latter requires coverage recovery. To make that decision, network needs to be able to differentiate RedCap UE from full-capabilities UE based on the UE’s Msg1 transmission. 
In 2-step RACH, if PUSCH transmission in MsgA fails, UE falls back to 4-step RACH and thus network needs to provide UL grant for UE’s Msg3 in its fallback RAR. Therefore, network needs to identify RedCap UEs in their MsgA transmission similar to 4-step RACH.   
Proposal 1. 	gNB identifies RedCap UEs in their Msg1/MsgA transmission in order to provide coverage recovery for Msg3 transmission.
Network indication for support for RedCap
To maximize coverage for RedCap UEs, we think the default should be that RedCap UEs should be allowed to camp on any cell, unless a cell explicitly indicates that RedCap UEs are not supported. This is also the protocol that has been used since R15. 
Proposal 2. 	To maximize coverage, RedCap UEs should be allowed to camp on any cells by default, unless a cell indicates that it does not support RedCap. 
In RRC Idle/Inactive, UEs periodically perform RRM measurements on neighbour cells to prepare for potential cell reselection to a better serving cell. If a neighbour cell does not support RedCap, then UE should not perform RRM measurements on that cell, because otherwise its power would not be wasted. UE’s current serving cell can help UE learn that information (i.e. which neighbour cells do not support RedCap), via its system information. Among SIBs, we think SIB3 can be considered for the purpose, as it is the SIB which advertise configurations on neighbour-cell measurements.
Observation 2. 	Indication on whether a neighbor cell supports RedCap can help RedCap UEs avoid unnecessary RRM measurements.
Proposal 3. 	Include indication in SIB3 on whether a neighbor cell supports RedCap. 
Enhancements to UAC for RedCap UEs
In NR’s UAC framework, access identity is mostly associated with UE’s subscription type, access category is mostly associated with service that triggers access. 
Among the motivating use cases for RedCap, we do not expect any new services that are specific to RedCap and have not been included in the current set of service categories. We therefore do not expect new service category in UAC needs to be introduced for RedCap.
Proposal 4. 	No new standardized access category is introduced for RedCap.
Access identity, however, can be different. Since access identity is tied mostly to UEs’ subscription and RedCap is a new type of subscription, it hence makes sense to apply access control on RedCap through access identity than access category. On the other hand, RedCap is more defined on UE’s capabilities than the service it supports. Operator-defined access identities cannot be used for RedCap either, because they are provisioned based on QoS attributions etc and nothing related to UE capabilities. Therefore, we think it is necessary to introduce a new access identity for RedCap.
Whether more than one new access identities for RedCap are needed can be decided by CT1.
Proposal 5.  	New access identity should be introduced to enable access control on RedCap UEs. 
In legacy NR, as long as an access is triggered by the same access category, then regardless of the access identity associated with the UE which triggers the access, they have the same UAC parameters. However, with RedCap, this assumption may no longer hold. When congestion happens, network may want to give RedCap UEs lower priority to access the cell even if their access may be triggered by the same access category, because RedCap UEs consume more network resources than full-capability UEs. Therefore, for some access categories, RedCap UEs should have different UAC parameter from full-capability UEs.
Observation 3. 	For the same access category, it is desirable for network to prioritize access by full-capability UEs over RedCap UEs.
Proposal 6.	RedCap UEs can have different UAC parameters from premium UEs for some service categories. 
Cell re-/selection by RedCap UEs
SSBs typically have better coverage than control/data channels, if the same number of Rx antennas are used. In Rel-15/16 legacy networks, this problem is overcome by having UEs use different number of Rx antennas, i.e. 2 Rx for SSBs and 4 Rx for control/data channels, at least in the initial BWP. This behavior is mandatory, so that it helps ensure if a UE can receive SSBs from a cell then it can receive that cell’s control/data channel with the same coverage. 
This difference in coverage for SSBs and control/data channel can create issue for RedCap UEs when they select or reselect cells. For example, suppose a RedCap UE has only 1 Rx and it has a choice in selecting between a legacy cell and an enhanced cell which can provide coverage enhancement for RedCap’s control/data channels. If RedCap UE’s RSRP measurement on the SSBs from the legacy gNB is equal to or better than that of the enhanced cell, then the UE would choose the legacy cell first. However, because this RedCap UE has only 1 Rx and legacy cell do not provide coverage enhancements for its control/data channel, the UE would suffer from poorer performance when it enters RRC Connected with the legacy gNB.
Observation 4. 	RedCap UEs may have less opportunity to re-/select a cell enhanced for RedCap if the same cell re-/selection criteria are used on both legacy and enhanced cells.
In Rel-15/16, cell selection is based on the S criteria, i.e. a cell is selected if its S criteria Srxlev > 0 AND Squal > 0, where 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp;
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp,
where Qrxlevmeas is RSRP measurement on a cell and Qqualmeas is RSRQ measurement on a cell. 
Cell reselection is based on R criteria, which are defined as follows:
Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp 
Where Qmeas,s and Qmeas,n are RSRP measurements on serving cells and neighbour cells, respectively. UE reselects to a new cell if the new cell is better than the serving cell according to the cell reselection criteria specified above during a time interval. 
Therefore, to avoid the issue described above, S criteria and R criteria for enhanced gNBs should be compensated to give them more opportunity to be selected by RedCap UEs’ in their re-/selection procedure, if everything else being equal. More specifically, 
· During cell selection, UE should prefer an enhanced gNB over a legacy gNB if the Srxlev and Squal of the enhanced gNB are higher than those of the legacy gNB subtracted by an offset. 
· During cell re-selection, UE should rank an enhanced gNB higher than a legacy gNB if the R criterion of the enhanced gNB are higher than that of the legacy gNB subtracted by an offset. 
As we argued earlier, a serving cell should advertise whether a neighbor cell supports RedCap or not, so that UE does not need to read SIBs of neighbor cells to find that information. Based on the above discussion, we propose that
Proposal 7. 	RedCap UEs apply an offset to lower the value of S criteria and R criteria of legacy gNBs during their cell re-/selection procedure.  
Impact on mobility procedure
In R16, mobility enhancements such as DAPS and CHO were introduced. Support for DAPS require UE to support dual protocol stacks below PDCP, which requires the almost same level of complexity as dual connectivity (DC). Since RedCap UEs are not required to support DC per SID, we think it is natural to conclude that RedCap UEs are not required to support DAPS either. In addition, we do not see any use case for RedCap that require the same level of handoff performance targeted by DAPS. 
Proposal 8. 	RedCap UEs do not support DAPS.  
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1. 	Coverage recovery is needed for Msg3 transmission. 
Proposal 1. 	gNB identifies RedCap UEs in their Msg1/MsgA transmission in order to provide coverage recovery for Msg3 transmission.
Proposal 2. 	To maximize coverage, RedCap UEs should be allowed to camp on any cells by default, unless a cell explicitly indicates in MIB that it does not support RedCap. 
Observation 2. 	Indication on whether a neighbor cell supports RedCap can help RedCap UEs avoid unnecessary RRM measurements.
Proposal 3. 	Include indication in SIB3 on whether a neighbor cell supports RedCap. 
Proposal 4. 	No new standardized access category is introduced for RedCap.
Proposal 5.  	New access identity should be introduced to enable access control on RedCap UEs. 
[bookmark: _GoBack]Observation 3. 	For the same access category, it is desirable for network to prioritize access by full-capability UEs over RedCap UEs. 
Proposal 6.	RedCap UEs can have different UAC parameters from premium UEs for some service categories. 
Observation 4. 	RedCap UEs may have less opportunity to re-/select a cell enhanced for RedCap if the same cell re-/selection criteria are used on both legacy and enhanced cells.
Proposal 7. 	RedCap UEs apply an offset to lower the value of S criteria and R criteria of legacy gNBs during their cell re-/selection procedure.  
Proposal 8. 	RedCap UEs do not support DAPS.  
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