3GPP TSG RAN WG1 #106b-e			R1- 2109796
e-Meeting, October 11th – 19th, 2021

Agenda Item	8.6.1.1
Source: 	Sony
[bookmark: Title]Title:	Discussion on reduced maximum UE bandwidth for RedCap
[bookmark: DocumentFor]Document for:	Discussion & Decision

Introduction

The work item for RedCap has an objective for reduced bandwidth as per the following [1]: 

	· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.



In previous meetings, the following agreements and working assumptions, among others, were made:

	
Agreement 
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· 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).
 
Agreement
· 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.
· 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.
 
Agreement
· 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.
  
Agreement
· 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.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.


Agreement:
· 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  


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




Our discussion in this document is related to some of the above agreements and working assumptions. 

Discussion

Initial UL BWP
As seen in the “Introduction” it has been agreed that it is allowed to have an initial UL BWP for non-RedCap UEs with a bandwidth wider than the maximum RedCap UE bandwidth. Also, in case of a configured separate UL BWP it is supported that the network can enable/disable intra-slot PUCCH frequency hopping in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs. The existence of the separate initial UL BWP is left as a working assumption.  We see the use of a separate Initial UL BWP as a good solution to reduce resource fragmentation and it should be agreed especially as the option of disabling intra-slot frequency hopping already is agreed. 

[bookmark: _Toc84022339]Proposal 1 Agree on defining an option to use a SIB configured separate initial UL BWP for RedCap

The problem with UL resource fragmentation is caused by the smaller maximum bandwidth possible that is used by a RedCap device together with the fixed placement of PUCCH. The smaller bandwidth limited RedCap separate initial UL BWPs placed within the boundaries of the wider non-RedCap BWP causes this fragmentation for UL scheduled transmissions of non-Redcap UEs that require larger consecutive allocations. The agreement of disabling the frequency hopping opens up for solutions proposed in [2] and [3] where the separate UL initial BWP is allocated at one edge of the non-RedCap BWP. This solution mitigates the resource fragmentation in a good way as shown by their simulations. The reasoning is that the RedCap initial UL BWP is placed overlapping with the non-redcap BWP edge where it is possible to share PUCCH and any UL transmissions in the centre part may be contiguously allocated. This kind of BWP system allocation thereby avoids the fragmentation. 
A potential drawback could be that the RedCap separate UL initial BWP allocation is suggested to be single sided. The BWP is put at one of the edges. An example shows how the other edge may be used for RedCap non-Initial UL BWPs. Compared to when all UEs are able to support the full non-RedCap BWP, the one-sided allocation puts restrictions to the scheduling in the sense that both edges are not treated equally. In lower system load scenarios that might not be a problem but with an increasing number of UEs and higher load, and more specifically more RedCap UEs, we fear a problem might arise. When the number of RedCap devices increases, resource starvation might occur if only one side can be configured for the PUCCH (Msg4 HARQ Ack/Nack) (mostly related to the number of devices active in the cell). Also, non-redcap devices will be allocated mostly at the other edge restricting the chance to mitigate frequency related fading dips after disabling of the intra-slot frequency hopping. 

[bookmark: _Toc84022336]Observation 1 Placing a separate initial UL BWPs for RedCap at the edges of the wider BWPs of non-RedCap allows resource fragmentation to be avoided
[bookmark: _Toc84022337]Observation 2 To use only one edge of  the BWP of non-RedCap UEs to place the separate initial BWP of RedCap UEs lowers the maximum number of PUCCH (Msg4 HARQ Ack/Nack) that can be transmitted by RedCap devices
[bookmark: _Toc84022338]Observation 3 To use only one edge of the BWP of non-RedCap UEs to place the separate initial BWP for RedCap UEs means that the two sides of the BWP are not treated evenly and there might be a reduced possibility of selecting an of the BWP edge for mitigating any frequency related fading dips.

It would make more sense to find a solution where it is also possible for RedCap to utilize both edges. This does not necessarily imply re-enabling the use of the intra-slot frequency hopping which would require LO frequency retuning for RedCap. Our suggestion is to improve this single sided allocation of RedCap and try to use both edges as can be seen in Figure 1.


[bookmark: _Ref84002787]Figure 1 Example of two sided allocation of RedCap separate UL initial BWPs 
From the perspective of a specific UE, only one of the two out of the left-hand and the right-hand BWPs will be active but from the system perspective both could contain RedCap. The left-hand BWP could have allocation from half the amount of RedCap UEs and the right part from the other half. The feature could be configured together with the RedCap separate initial UL BWP redirection in the SIB indicating a minor pattern to be used for selecting which side the UE will use. Since the SIB is common for the cell, the differentiation of what edge to use must be done at the UE side. This can be done in a random fashion selecting by a random number any of the two edges. When the left-hand BWP and right-hand BWP are selected randomly, on average half of the UEs will be allocated to the left-hand BWP and the other half to the right-hand BWP. One other idea is that the selection could be based on the preamble index used for contention based random access which is to be seen as relatively random.  

[bookmark: _Toc84022340]Proposal 2 Define the option to SIB configure the use of both edges of a non RedCap BWP for allocating the RedCap separate Initial UL BWP. Let the UE select which initial UL BWP to use by using a randomized parameter like the preamble index.

Conclusions
This document has discussed the reduction of UE bandwidth for RedCap and has made the following observations and proposals.

Observation 1 Placing a separate initial UL BWPs for RedCap at the edges of the wider BWPs of non-RedCap allows resource fragmentation to be avoided
Observation 2 To use only one edge of  the BWP of non-RedCap UEs to place the separate initial BWP of RedCap UEs lowers the maximum number of PUCCH (Msg4 HARQ Ack/Nack) that can be transmitted by RedCap devices
Observation 3 To use only one edge of the BWP of non-RedCap UEs to place the separate initial BWP for RedCap UEs means that the two sides of the BWP are not treated evenly and there might be a reduced possibility of selecting an of the BWP edge for mitigating any frequency related fading dips.

Proposal 1 Agree on defining an option to use a SIB configured separate initial UL BWP for RedCap
Proposal 2 Define the option to SIB configure the use of both edges of a non RedCap BWP for allocating the RedCap separate Initial UL BWP. Let the UE select which initial UL BWP to use by using a randomized parameter like the preamble index.
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