3GPP TSG RAN WG1 Meeting #109-e			R1-2204626
e-Meeting, May 9th – 20th, 2022

Agenda Item:	9.6.1
Source: 	LG Electronics
Title: 	Discussion on potential solutions for further UE complexity reduction
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. [bookmark: _Ref87036880]Introduction
	The Re1-18 SI titled “Study on further NR RedCap UE complexity reduction” was approved in RAN#94-e meeting. The study is mainly on the techniques for further UE complexity reduction. The SI objectives are copied below for reference from the latest version of the SID [1].
	4	Objective
4.1	Objective of SI
To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.8xx:

· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.



2. Discussion
	In this contribution, we present our views on the potential solutions to further UE complexity reduction.

2.1. UE bandwidth reduction to 5MHz
	Regarding whether to reduce the maximum UE bandwidth down to 5MHz, the following factors should be taken into account.
· Cost/complexity reduction
· Target peak data rate for Rel-18 RedCap (~ 10 or 20 Mbps)
· TDD configurations. (E.g., for DL heavy TDD configurations, UL data rate may not be sufficient depending on the use cases)
· Network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact

	Even if the expected cost/complexity reduction gain that is achievable by UE bandwidth reduction down to 5MHz would not be large (based on our preliminary evaluation), we still support the UE bandwidth reduction down to 5MHz for the following reasons:
· The target peak rate (~10 or 20MHz) can be met with the 5MHz UE bandwidth for most TDD configurations (according to Section 4.1.2 in TS 38.806)
· Most of the NR operating bands in FR1 already support 5MHz channel bandwidth
· RF cost savings (but not the baseband cost savings) accumulate across supported bands

Proposal 1: Discuss pros and cons of the further UE bandwidth reduction down to 5MHz.

2.2. Potential solutions for further UE complexity reduction
	In this section, we discuss potential issues and the solutions for some cases to support Rel-18 RedCap UEs focusing on the aspect of reduced max UE bandwidth.

2.2.1. CORESET and MO of the Type0-PDCCH CSS
	With the further reduced UE bandwidth of Rel-18 RedCap UEs, only one table for CORESET#0 (Table 13-1 in TS 38.213) can be reused. Whether to support additional CORESET#0 and/or MO of the Type0-PDCCH CSS (e.g., for flexibility) can be discussed during the SI phase. If it is allowed for Rel-18 RedCap UEs to receive part of the CORESET#0 perhaps with some degraded performance, then more flexible configuration for the CORESET#0 would be possible. Regarding this, the following observations and proposals are made.

Observation 1: Table 13-1 in TS 38.213 can be reused for CORESET#0 for NR operating bands supporting 5MHz or 10MHz channel bandwidth if {SSB, PDCCH} SCS = {15, 15} kHz.

Proposal 2: Discuss whether to support a separate/dedicated MO of Type0-PDCCH CSS for Rel-18 RedCap.
· How to indicate the separate/dedicated MO of Type0-PDCCH CSS for Rel-18 RedCap can be further discussed.

Proposal 3: Discuss whether to support a separate/dedicated CORESET#0 for Rel-18 RedCap.
· How to indicate the separate/dedicated CORESET#0 for Rel-18 RedCap can be further discussed.

Proposal 4: Discuss whether to allow the case where the further reduced UE bandwidth is smaller than the MIB-indicated CORESET#0 bandwidth.

	Meanwhile, with the 5MHz UE bandwidth, it is identified that it is not possible to support the CCE AL = 16. Then it should be discussed if that is acceptable for Rel-18 RedCap UEs. From our perspective, scenario wise, there is no reason to take this for granted. The following observations and proposals are made regarding this aspect.

Observation 2: With the 5MHz UE bandwidth, CCE AL = 16 is not supported.

Proposal 5: Discuss if enhancements on the CORESET/SS are needed to compensate for the PDCCH reception performance loss caused by the further reduced UE bandwidth.

2.2.2. SIB1 reception
	With the further reduced UE bandwidth, it is questionable if the max payload size of SIB1 can be supported. If there is a problem supporting the SIB1, a separate SIB1 dedicated to Rel-18 RedCap can be considered. In this case, how to direct the Rel-18 RedCap UEs to read the SIB1 should also be discussed.

Observation 3: The further reduced max UE bandwidth may not be sufficient to accommodate the max payload size of SIB1, for which case supporting a separate/dedicated SIB1 for Rel-18 RedCap can be considered.

Observation 4: The scheduling DCI of the separate/dedicated SIB1 for Rel-18 RedCap, if supported, can be transmitted in the CORESET#0 which may be the same or different from the CORESET#0 for Rel-17 RedCap and non-RedCap.
· Whether a separate DCI for scheduling the separate/dedicated SIB1 for Rel-18 RedCap is needed can be further discussed.

Observation 5: The scheduling DCI of the separate/dedicated SIB1 for Rel-18 RedCap, if supported, can be transmitted via a separate/dedicated Type0-PDCCH CSS for Rel-18 RedCap.

2.2.3. Random access
	For configuration of PRACH resources (RO and PRACH preambles) for Rel-18 RedCap, the same principle as in Rel-17 RedCap can be reused for Rel-18 RedCap. In this aspect, the following observations are made.

Observation 6: PRACH resource (RO and PRACH preambles) for Rel-18 RedCap can be shared with Rel-17 RedCap and/or non-RedCap whenever applicable.

Observation 7: PRACH resource for Rel-18 RedCap can be configured in the separate initial UL BWP for Rel-18 RedCap.
· The PRACH resource in the separate initial UL BWP can be dedicated for Rel-18 RedCap or shared with RedCap and/or non-RedCap

Observation 8: To minimize PUSCH resource fragmentation within the initial UL BWPs for Rel-17 RedCap and non-RedCap UEs, configuring a separate initial UL BWP for Rel-18 RedCap at the band edge is beneficial.

	Early indication of RedCap UE is supported in Rel-17. Whether to introduce a separate early indication for Rel-18 RedCap UE needs to be discussed. If gNB intends to treat the Rel-18 RedCap UEs separately from the Rel-17 RedCap UEs before RRC connection, then early indication dedicated to Rel-18 RedCap UEs would be needed. Both Msg3-based and Msg1-based early indication can be considered perhaps with same degree of network configurability as in Rel-17 RedCap.

Proposal 6: Discuss whether to introduce a separate early indication for Rel-18 RedCap UEs.

	During random access of RedCap UEs, common PUCCH resources are used for PUCCH transmission for HARQ feedback for msg4/msgB. For the common PUCCH resources for Rel-18 RedCap UEs, the following observations are made.
  
Observation 9: The same framework for common PUCCH for Rel-17 RedCap can be reused for Rel-18 RedCap.
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled via SIB1.
· Disabling of frequency hopping for common PUCCH resources for RedCap UEs is only supported for separate (not shared) initial UL BWP.

	Especially for Rel-18 RedCap UEs with further reduced UE bandwidth, minimizing the common PUCCH resources in the time and frequency domain is critical. Therefore, it is desirable that the PUCCH resources are shared as much as possible b/w Rel-17 RedCap and Rel-18 RedCap especially when the FH is off for both of them. From this aspect, following observation and proposal are made.

Observation 10: Sharing the PUCCH resources as much as possible b/w Rel-17 RedCap and Rel-18 RedCap is beneficial for efficient use of UL resources, especially when the FH is off.

Proposal 7: Study enhancements on the user multiplexing capacity of common PUCCH resources for both PUCCH format 0 and 1 especially when FH for the common PUCCH resources is disabled.

	Meanwhile, an additional PRB offset for common PUCCH resources for Rel-17 RedCap UEs has been introduced. Whether to use the same additional PRB offset for both Rel-17 and Rel-18 RedCap UEs or to introduce a separate additional offset for Rel-18 RedCap UEs can be discussed for coexistence with non-Rel-18-RedCap UEs.

Proposal 8: Discuss whether an additional PRB offset dedicated for Rel-18 RedCap is needed.

2.2.4. Initial UL BWP
	Basically the same principle as in Rel-17 RedCap which is summarized below can be reused. 
· The initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.
· 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.
· Separate initial UL BWP shall be configured if RedCap UE bandwidth < initial UL BWP for non-RedCap
· 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.
· [Up to 1 separate initial UL BWP for RedCap can be configured]

For the last bullet on the number of separate initial UL BWP that can be configured for RedCap, we can discuss whether more than one is needed, e.g., for offloading and/or for increased frequency diversity. 

2.2.5. Initial DL BWP
	Also for the initial DL BWP, the same principle as in Rel-17 RedCap which is summarized below can be reused. 
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 and 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.
· Separate initial DL BWP is used during initial access
· [Up to 1 separate initial DL BWP for RedCap can be configured]

Similarly to the initial UL BWP, for the last bullet on the number of separate initial DL BWP that can be configured for RedCap, we can discuss whether more than one is needed, e.g., for offloading and/or for increased frequency diversity.

Observation 11: For initial UL/DL BWP for Rel-18 RedCap, the same principle as in Rel-17 can be reused for most cases.

Proposal 9: Discuss whether more than one initial DL/UL BWP would be useful for Rel-18 RedCap.

3. Conclusion
	In this contribution, we shared our views on the potential solutions to further UE complexity reduction.

Observation 1: Table 13-1 in TS 38.213 can be reused for CORESET#0 for NR operating bands supporting 5MHz or 10MHz channel bandwidth if {SSB, PDCCH} SCS = {15, 15} kHz.
Observation 2: With the 5MHz UE bandwidth, CCE AL = 16 is not supported.
Observation 3: The further reduced max UE bandwidth may not be sufficient to accommodate the max payload size of SIB1, for which case supporting a separate/dedicated SIB1 for Rel-18 RedCap can be considered.
Observation 4: The scheduling DCI of the separate/dedicated SIB1 for Rel-18 RedCap, if supported, can be transmitted in the CORESET#0 which may be the same or different from the CORESET#0 for Rel-17 RedCap and non-RedCap.
· Whether a separate DCI for scheduling the separate/dedicated SIB1 for Rel-18 RedCap is needed can be further discussed.
Observation 5: The scheduling DCI of the separate/dedicated SIB1 for Rel-18 RedCap, if supported, can be transmitted via a separate/dedicated Type0-PDCCH CSS for Rel-18 RedCap.
Observation 6: PRACH resource (RO and PRACH preambles) for Rel-18 RedCap can be shared with Rel-17 RedCap and/or non-RedCap whenever applicable.
Observation 7: PRACH resource for Rel-18 RedCap can be configured in the separate initial UL BWP for Rel-18 RedCap.
· The PRACH resource in the separate initial UL BWP can be dedicated for Rel-18 RedCap or shared with RedCap and/or non-RedCap
Observation 8: To minimize PUSCH resource fragmentation within the initial UL BWPs for Rel-17 RedCap and non-RedCap UEs, configuring a separate initial UL BWP for Rel-18 RedCap at the band edge is beneficial.
Observation 9: The same framework for common PUCCH for Rel-17 RedCap can be reused for Rel-18 RedCap.
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled via SIB1.
· Disabling of frequency hopping for common PUCCH resources for RedCap UEs is only supported for separate (not shared) initial UL BWP.
Observation 10: Sharing the PUCCH resources as much as possible b/w Rel-17 RedCap and Rel-18 RedCap is beneficial for efficient use of UL resources, especially when the FH is off.
Observation 11: For initial UL/DL BWP for Rel-18 RedCap, the same principle as in Rel-17 can be reused for most cases.

Proposal 1: Discuss pros and cons of the further UE bandwidth reduction down to 5MHz.
Proposal 2: Discuss whether to support a separate/dedicated MO of Type0-PDCCH CSS for Rel-18 RedCap.
· How to indicate the separate/dedicated MO of Type0-PDCCH CSS for Rel-18 RedCap can be further discussed.
Proposal 3: Discuss whether to support a separate/dedicated CORESET#0 for Rel-18 RedCap.
· How to indicate the separate/dedicated CORESET#0 for Rel-18 RedCap can be further discussed.
Proposal 4: Discuss whether to allow the case where the further reduced UE bandwidth is smaller than the MIB-indicated CORESET#0 bandwidth.
Proposal 5: Discuss if enhancements on the CORESET/SS are needed to compensate for the PDCCH reception performance loss caused by the further reduced UE bandwidth.
Proposal 6: Discuss whether to introduce a separate early indication for Rel-18 RedCap UEs.
Proposal 7: Study enhancements on the user multiplexing capacity of common PUCCH resources for both PUCCH format 0 and 1 especially when FH for the common PUCCH resources is disabled.
Proposal 8: Discuss whether an additional PRB offset dedicated for Rel-18 RedCap is needed.
Proposal 9: Discuss whether more than one initial DL/UL BWP would be useful for Rel-18 RedCap.
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