


	[bookmark: _Hlk495298459]3GPP TSG-RAN WG1 Meeting #106	
e-Meeting, August 16th –  27th, 2021
	   R1-2107355



Agenda item:	8.6.2
Source: 	Qualcomm Incorporated
Title: 	Cross Layer Design Considerations for RedCap Device
Document for:	Discussion/Decision
Introduction
In the revised WID of R17 RedCap UE [1], the following objectives are specified for both RAN1 and RAN2:
· Specify support for UE complexity reduction features
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. 
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. 
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. 

In RAN1#105, the following working assumptions, agreements, and conclusions were made for RedCap UE:
Working assumption:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource
· PRACH preamble partitioning
· FFS the possibility of supporting Msg3 for the early indication 

Agreements: (if the above working assumption is confirmed)
· Early indication of RedCap UEs in Msg1 can be enabled/disabled via SIB


Working assumption:
· RedCap UE type is defined based on one of the following options
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
· FFS: details of the set of reduced capabilities

Conclusion:
· RAN1 postpones the discussion on constraining of reduced capabilities, and if deemed necessary, RAN1 can come back

Agreements:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritized


In this contribution, we discuss the cross layer design considerations for system information and early indication of RedCap UE, based on the progress in RAN1#105.

System Information of RedCap UE
According to [1], system information should indicate whether a RedCap UE can camp on the cell/frequency or not, and such indication should be specific to the number of RX branches since it is related to the DL coverage and spectral efficiency of UE [2]. Based on the network capacity and system loading, a cell can indicate in SIB1 whether RedCap devices with a specific number of RX branches are allowed to access.
When RedCap UE is allowed to access the NW, RedCap UE and non-RedCap UE can share the same SSB, CORESET0 and SIB1 [3]. Since the initial DL BWP of non-RedCap UE is initially defined by CORESET0, RedCap UE and non-RedCap UE can share the initial DL BWP during initial access, as shown by Figure 1. The other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE. 
[bookmark: PR1]Proposal 1: NW can indicate in SIB1 whether RedCap devices with a specific number of RX branches are allowed to access a cell.
Proposal 2: When Redcap UE co-exists with non-RedCap UE in the same cell, RedCap and non-RedCap UEs can share the same SSB, CORESET#0, SIB1 and initial DL BWP during initial access.
[bookmark: PR2]Proposal 3: When Redcap UE co-exists with non-RedCap UE in the same cell, other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE.
[bookmark: _Hlk71501226][bookmark: _Hlk71501619]Proposal 4: When RedCap UE and non-RedCap UE co-exist in a cell, and the initial UL BWP of non-RedCap UE is wider than the max BW of RedCap UE, the initial UL BWP of RedCap UE should be separately configured in SIB1. 
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Figure 1: Shared SSB/CORESET0/SIB1/initial DL BWP between RedCap UE and non-RedCap UE

Early Indication of RedCap UE
As discussed in [1-3], early identification of RedCap UE type during initial access is necessary for network to treat RedCap UEs differently from non-RedCap UEs. As a result, RedCap UE can decode the PDCCH/PDSCH using reduced number of RX branches, obtain a valid UL grant, and transmit PUSCH/PUCCH within its initial UL BWP consistent with its reduced BW. 
When RedCap UE and non-RedCap UE co-exist in a cell and the initial UL BWP of non-RedCap UE is no wider than the max BW of RedCap UE, the two UE types can share the same initial UL BWP. 
When RedCap UE and non-RedCap UE co-exist in a cell and the initial UL BWP of non-RedCap UE is wider than the max BW of RedCap UE, NW needs to configure a separate initial UL BWP for RedCap UE, which can be nested in the initial UL BWP of non-RedCap UE, as shown in Figure 2.
[image: ]
Figure 2: Initial UL BWP and RACH Occasion Configuration for RedCap UE

To determine the UL grant of msg3, NW needs to know the presence of RedCap UE before transmitting msg2. Therefore, it is imperative for a RedCap UE to indicate its presence via msg1. 
[bookmark: _Hlk68554625][bookmark: OB1]Observation 1: Without early indication in dedicated PRACH resources, NW does not know the presence of a RedCap UE before scheduling msg2/msg3/msgB. This can cause persistent issues for RedCap UE and NW because of:
· invalid FDRA or frequency hopping outside RedCap UE’s max BW
· insufficient coverage recovery for msg2/msg3/msg4/msgB and the scheduling PDCCH
· reduced spectral/energy efficiency of NW due to retransmissions on UL/DL

Observation 2: DL coverage recovery for msg2/msg4/msgB of RedCap UE can be triggered by msg1 (or msgA preamble, if 2-step RACH is supported) transmission from PRACH resources dedicated to RedCap UE.  
Observation 3: To improve the accuracy of DL coverage recovery, UE assistance information included in msg3 or msgA payload can be considered.

Proposal 5: When RedCap UE and non-RedCap UE co-exist in a cell, PRACH resources dedicated to RedCap UE should be configured to facilitate early identification of RedCap UE type. Confirm the working assumption of RAN1#105 to support early indication of RedCap UEs at least in msg1.

[bookmark: PR8]Proposal 6: To enable RACH occasions of RedCap UE be associated with SSB beam(s) with the best SS-RSRP, gNB should configure dedicated PRACH resources for RedCap UE within its initial UL BWP, which can be associated with all SSB beams transmitted during a SSB-to-RO association pattern period.

Proposal 7: For early indication of RedCap UE type (before UE capability signaling in RRC connected state), definition of RedCap UE type includes the minimum set of mandatory UE capabilities that the NW can assume during initial access

Due to the importance of early indication, the PRACH resources separately configured for RedCap UE should be mapped to ROs valid for RedCap UE. In [4], the RO validation rule for RedCap UE is discussed. As shown by the example in Figure 3, the RO validation rule of non-RedCap UE is not suitable for RedCap UE without duplexer,  since the RedCap UE cannot transmit PRACH and receive SSB simultaneously. As a result, the RedCap UE cannot transmit on the ROs associated with the best SSB beams, although the BW of RedCap UE is wide enough to include all the configured ROs. Therefore, a new set of RO validation rule needs to be defined for RedCap UE. Besides, NW needs to ensure the valid ROs configured for RedCap UE can be associated with all the SSB beams transmitted by the BS. 

Example of PRACH Resource Configuration for FR1 and Paired Spectrum
[image: ]
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Figure 3:  SSB and RO Collision for Type-A HD-FDD (PRACH configuration index =185, Table 6.3.3.2-2, TS 38.211)


Observation 4: PRACH resources for early indication of RedCap UE type should be configured on valid RO of RedCap UE.
· In NR TDD bands, the RO validation rule for non-RedCap UE can be re-used by RedCap UE
· In NR FDD bands, the RO validation rule for non-RedCap (FD-capable) UE is NOT suitable for RedCap (FD-incapable) UE
· In NR FDD bands, the RO validation rule for RedCap UE can be defined as a trade-off between TDD and FD-FDD operations
· For a PRACH occasion configured for UE supporting Type-A HD-FDD, it is a valid RO if:
· it is within the initial UL BWP of UE
· it does not precede a SS/PBCH block in the PRACH slot and starts at least ng,min  symbols after a last SS/PBCH block symbol, where  ng,min≥1  
· the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in Clause 4.1 of TS 38.213

In NR 16, NW is required to support separate RO configurations for Type-2 RACH procedure, as specified in Clause 8.1 of  TS 38.213. Furthermore, TS 38.213 and TS 38.331 have introduced a new IE “msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB”  to facilitate co-existence of multiple configurations for ROs and SSB-to-RO mapping patterns in the same cell, wherein the ROs dedicated to newly introduced Type-2 RACH can be configured in time/frequency by {msgA-PRACH-ConfigurationIndex, msgA-RO-FDM, msgA-RO-FrequencyStart}, which are different from {msg1-PRACH-ConfigurationIndex, msg1-RO-FDM, msg1-RO-FrequencyStart } of Type-1 RACH procedure. By the same token, NW should be able to support a separate RO and SSB-to-RO mapping pattern for RedCap UE with minor spec impacts.

Observation 5: Similar to separate PRACH resource configuration for R16 Type-2 RACH, NW should be able to support a separate configuration of RO and SSB-to-RO mapping pattern for RedCap UE with minor spec impacts. 

Proposal 8: If PRACH resources are configured for early indication of RedCap UE type, NW ensures the PRACH resources are valid for FD-incapable UEs and RedCap UE can transmit on the valid ROs associated with the best SSB beams within a SSB to RO association pattern.

Conclusions
In this contribution, the following observations and proposals have been made for system information and early indication of RedCap UE:
Observation 1: Without early indication in dedicated PRACH resources, NW does not know the presence of a RedCap UE before scheduling msg2/msg3/msgB. This can cause persistent issues for RedCap UE and NW because of:
· invalid FDRA or frequency hopping outside RedCap UE’s max BW
· insufficient coverage recovery for msg2/msg3/msg4/msgB and the scheduling PDCCH
· reduced spectral/energy efficiency of NW due to retransmissions on UL/DL

Observation 2: DL coverage recovery for msg2/msg4/msgB of RedCap UE can be triggered by msg1 (or msgA preamble, if 2-step RACH is supported) transmission from PRACH resources dedicated to RedCap UE.  

Observation 3: To improve the accuracy of DL coverage recovery, UE assistance information included in msg3 or msgA payload can be considered.

Observation 4: PRACH resources for early indication of RedCap UE type should be configured on valid RO of RedCap UE.
· In NR TDD bands, the RO validation rule for non-RedCap UE can be re-used by RedCap UE
· In NR FDD bands, the RO validation rule for non-RedCap (FD-capable) UE is NOT suitable for RedCap (FD-incapable) UE
· In NR FDD bands, the RO validation rule for RedCap UE can be defined as a trade-off between TDD and FD-FDD operations
· For a PRACH occasion configured for UE supporting Type-A HD-FDD, it is a valid RO if:
· it is within the initial UL BWP of UE
· it does not precede a SS/PBCH block in the PRACH slot and starts at least ng,min  symbols after a last SS/PBCH block symbol, where  ng,min≥1  
· the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in Clause 4.1 of TS 38.213

Observation 5: Similar to separate PRACH resource configuration for R16 Type-2 RACH, NW should be able to support a separate configuration of RO and SSB-to-RO mapping pattern for RedCap UE with minor spec impacts. 

Proposal 1: NW can indicate in SIB1 whether RedCap devices with a specific number of RX branches are allowed to access a cell.
Proposal 2: When Redcap UE co-exists with non-RedCap UE in the same cell, RedCap and non-RedCap UEs can share the same SSB, CORESET#0, SIB1 and initial DL BWP during initial access.
Proposal 3: When Redcap UE co-exists with non-RedCap UE in the same cell, other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE.
Proposal 4: When RedCap UE and non-RedCap UE co-exist in a cell, and the initial UL BWP of non-RedCap UE is wider than the max BW of RedCap UE, the initial UL BWP of RedCap UE should be separately configured in SIB1. 

Proposal 5: When RedCap UE and non-RedCap UE co-exist in a cell, PRACH resources dedicated to RedCap UE should be configured to facilitate early identification of RedCap UE type. Confirm the working assumption of RAN1#105 to support early indication of RedCap UEs at least in msg1.

Proposal 6: To enable RACH occasions of RedCap UE be associated with SSB beam(s) with the best SS-RSRP, gNB should configure dedicated PRACH resources for RedCap UE within its initial UL BWP, which can be associated with all SSB beams transmitted during a SSB-to-RO association pattern period.
Proposal 7: For early indication of RedCap UE type (before UE capability signaling in RRC connected state), definition of RedCap UE type includes the minimum set of mandatory UE capabilities that the NW can assume during initial access
Proposal 8: If PRACH resources are configured for early indication of RedCap UE type, NW ensures the PRACH resources are valid for FD-incapable UEs and RedCap UE can transmit on the valid ROs associated with the best SSB beams within a SSB to RO association pattern.
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