


3GPP TSG RAN WG2 Meeting #115-e                              	R2-2107606
Electronic Meeting, August 9th – 27th, 2021	 					

Source: 			Apple Inc
Title: 	Power-saving aspects from cell access and camping of RedCap UEs 
[bookmark: Source]Agenda item:	8.12.2.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this paper, we discuss different methods related to camping and re-selection with focus on saving power (which is an important factor) for RedCap UEs.   
2. Camping and re-selection 
2.1 Camping aspects
In RAN1 104e meeting, RAN1 progressed on several aspects of BW and other RedCap UE requirements and Appendix A captures several of agreements made in RAN1. Among these, RAN1 made progress in coming up with WA that the initial DL and UL BWP for RedCap cannot be more than 20MHz. 
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).

Working assumption: After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)



It is expected that legacy NWs can be upgraded to accommodate/serve RedCap UEs where the available spectrum is re-used such that RedCap and legacy NR UEs can co-exist and are served by the same gNB. But if the gNB’s initial DL BWP (SIB1-expanded) BW is more than 20 MHz, then the NW has to create additional initial DL BWP for RedCap UEs with 20MHz BW. Additional initial DL BWP may require a separate cell-defining SSB that is meant for RedCap UEs alone.
Observation 1: With the requirement that RedCap initial DL BWP to remain at 20MHz for RedCap, the legacy NWs with SIB1-expanded initial DL BWP, need to create a separate initial DL BWP for RedCap UEs, and this might require a separate cell-defining SSB for RedCap UEs.
Observation 2: Additional logic is needed to prevent legacy NR UEs from camping on the SSB created for RedCap UEs.
Observation 3: Deploying RedCap specific SSBs on non-GSCN frequencies result in additional logic and power requirements to have the RedCap UEs also search non-GSCN frequencies during cell search, and this is not a viable approach.
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Figure 1: Legacy NW handling both legacy and RedCap UEs with a separate initial DL BWP and different SSBs
Having RedCap UEs ignore the cellBarred IE from MIB provides an additional means for the NW to separate legacy UEs from accessing SSBs meant for RedCap. Figure 1 above shows a means by which the NW can accommodate legacy and RedCap UEs with different initial DL BWP/different SSB.
So we propose that RedCap UEs ignore the cellBarred IE from MIB, and cell barring for RedCap UEs would be based on a newly created SIB1 IE.
Proposal 1: RedCap UEs ignore the cellBarred IE from MIB. Cell barring for RedCap UEs is via a new IE created in SIB1 that is meant for RedCap UEs.
 
2.2 Camping restrictions on NCells 
RedCap UEs (like legacy NR devices) also perform RRM on neighbour cells in IDLE/INACTIVE for cell re-selection as part of UE mobility. Typical re-selection procedure involves the UE measuring the current serving cell and based on the measurements, triggering measurement of potential neighbour cells based on the SIB3/4 broadcasted neighbour cell/frequency info. And if the target NCell measurement as well the current serving cell measurement satisfy the cell re-selection trigger, the UE then starts reading the MIB/SIB1 of the neighbour cell to determine if this target cell allows camping.  If the target neighbour cell does not allow the RedCap UE based on the access restrictions (either RedCap UEs are not allowed, or this type of RedCap UEs are not allowed), then the effort from the RedCap UE is wasted in unnecessary additional UE power consumption and also a slight chance of missing a paging opportunity. 
It is better for the serving cell to indicate which neighbour cells support RedCap UEs and also to indicate the access restrictions (if any) that are placed on the RedCap UEs by these neighbour cells as shown in Fig2.  
Observation 4. 	There are power saving benefits if the serving cell indicates the info of neighbor cell support of RedCap and the access restrictions broadcasted in these neighbor cells. This can help the RedCap UEs avoid RRM measurement and cell re-selection to neighbor cells which do not allow this RedCap UE to camp. 
Proposal 2. 	SIB3/4 includes the information of the support of RedCap UEs by the neighbor cells as well as any RedCap UE specific camping restrictions these neighbor cells have broadcasted.
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Figure 2: Neighbor cell RedCap UE camping restrictions broadcasted in serving cell SIB3/4

2.3 eDRX support
eDRX is the main power-saving option for RedCap UEs and the LTE eDRX operation was agreed to be the baseline for NR RedCap devices (for the purpose of power saving in IDLE/INACTIVE). 
In LTE eDRX, all the NWs which actually support eDRX would broadcast this info in LTE SIB1 (eDRX-Allowed-r13) and this information would help the LTE UE which operate on eDRX (LTE-M/NB-IOT) to use this information to decide if they want to re-select to this cell.
Since we are using LTE eDRX as the baseline for NR, it can be assumed that eDRX support might also be broadcasted in NR SIB1. But in our view, since eDRX operation is integral part of RedCap UE operation (i.e., there would be no gNB that supports RedCap but do not support eDRX operation), we think the support of RedCap by the cell should be sufficient and there is no need to broadcast the support or the lack of support of eDRX in NR RedCap.

Observation 5: eDRX operation is integral part of RedCap and practically we see no gNB that supports RedCap but do not support eDRX operation.
Proposal 3: Support of eDRX operation is assumed by gNB which supports RedCap, and no explicit eDRX support is needed in SIB broadcast by the supporting gNB. 


3. Proposals 
Observation 1: With the requirement that RedCap initial DL BWP to remain at 20MHz for RedCap, the legacy NWs with SIB1-expanded initial DL BWP, need to create a separate initial DL BWP for RedCap UEs, and this might require a separate cell-defining SSB for RedCap UEs.
Observation 2: Additional logic is needed to prevent legacy NR UEs from camping on the SSB created for RedCap UEs.
Observation 3: Deploying RedCap specific SSBs on non-GSCN frequencies result in additional logic and power requirements to have the RedCap UEs also search non-GSCN frequencies during cell search, and this is not a viable approach.
Observation 4. 	There are power saving benefits if the serving cell indicates the info of neighbor cell support of RedCap and the access restrictions broadcasted in these neighbor cells. This can help the RedCap UEs avoid RRM measurement and cell re-selection to neighbor cells which do not allow this RedCap UE to camp. 
Observation 5: eDRX operation is integral part of RedCap and practically we see no gNB that supports RedCap but do not support eDRX operation.


Proposal 1: RedCap UEs ignore the cellBarred IE from MIB. Cell barring for RedCap UEs is via a new IE created in SIB1 that is meant for RedCap UEs.
Proposal 2. 	SIB3/4 includes the information of the support of RedCap UEs by the neighbor cells as well as any RedCap UE specific camping restrictions these neighbor cells have broadcasted.
Proposal 3: Support of eDRX operation is assumed by gNB which supports RedCap, and no explicit eDRX support is needed in SIB broadcast by the supporting gNB. 


Appendix A
In RAN1 104-bis e-meeting, the following agreements were reached [1]: 
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).

Working assumption: After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)




In RAN1 #105 e-meeting, further progress was made with the following agreements: 
	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning
  
Agreement: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.

Working assumption: For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)

Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case
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