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Introduction
RAN1 has finished the RedCap SI and observations are made in TR38.875[1], RAN2’s study is still ongoing until next meeting. For the current state, potential normative work could be started in RAN1. In this contribution, we discuss our consideration on the WI and give our views on the scope of RedCap WID from RAN1 perspective, RAN2 related objective can be further updated when SI phase is finished.
Discussion on the work item scope
In this section, we express our views on the work item scope for UE complexity reduction, PDCCH monitoring reduction, coverage recovery and UE identification and access restrictions.
UE complexity reduction
During the SI, UE complexity reduction features including reduced number of UE Rx/Tx antennas, UE bandwidth reduction, half-duplex FDD operation, relaxed UE processing time, relaxed maximum number of MIMO layers, and relaxed maximum modulation order are analyzed, observations and agreements are made. Here, we provide our views on the WI scope based on the observations in TR38.875[1].
Among the features, reducing the number of UE Rx branches and reducing UE bandwidth provide significant UE cost reduction, so we think they are high priority. On the other hand, according to the observations of TR38.875[1], the average estimated cost reduction achieved by Type A and Type B HD-FDD is approximately ~7% and ~10%, respectively, and the average estimated cost reduction of relaxed UE processing time in terms of N1 and N2 is ~6% for FR1 FDD, ~6% for FR1 TDD, and ~6% for FR2 TDD. Therefore, due to the limited cost reduction gain, we think HD-FDD and relaxed processing time is low priority. 
Then for the high priority features, There are still down selections or FFS to be made.
The Rx number and MIMO layer related recommandations in TR38.875[1] section 13 are as following,
 (
Number of Rx branches:
For FR1 FDD or FR2 bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 
N
, where 
N
 is to be down-selected during the WI phase or at RAN plenary between the following alternatives:
Alt 1: 
N
=2
Alt 2: 
N
=1, where 
N
=2 is also supported
)
 (
Number of DL MIMO layers:
For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 
M
, where 
M
 is to be 
down-selected 
during the WI phase or at RAN plenary between the following options (where different options may be selected for FR1 FDD, FR1 TDD, and FR2, respectively):
Option 1: 
M
=1, where 
M
=2 is also supported
Option 2: 
M
=2
)
From our view, a flexible capability space  is desired to support both high-end and low-end device requirement, and to be future proof. Based on current product design, the wearable device can only allow one receiving Rx. But the standard should be able to support more product forms, and allow more advanced wearables product in the future, so 2Rx for RedCap is necessary, as it is already recommanded for FR1 FDD and FR2, similar options for TDD is proposed, 
o	For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
When 2Rx is equipped for RedCap devices, 2 layers MIMO provides the flexibility of high throughput and high network efficiency, therefore, for the number of DL MIMO layers, the following is proposed.
· Number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M, M=2.

The bandwidth related recommandations in TR38.875[1] section 13 are as following,
 (
Reduced number of UE Rx/Tx antennas
:
Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access can be discussed during the WI phase or at RAN plenary.
Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
)
As mentioned above, more Rx branches and MIMO layers provides better experience for high-end RedCap devices, and a bandwidth larger than 20MHz can also serve the same purpose, this is especially important for TDD to meet the high peak data requirements. So it is proposed that 
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
· FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access.
For the objective of UE complexity reduction, according to the analysis of specification impacts in TR38.875[1], requirements of RAN4 need to be updated, the specificaiton impact of reduced Rx number, reduced bandwidth is small for other working groups except some coexist issues. But for the reduced capability, the number of UE types has been discussed in the RAN1 meeting, but postponed to the end of SI for decision, it should be decided in WI phase.
Since RAN2 SI has not finishied, the proposed objective for UE complexity reduction doen’t include RAN2 related issues, 
Proposal 1: for the objective of UE complexity reduction design,
· Specify support for UE complexity reduction features, including(RAN1,RAN4),
· Reduced number of UE Rx branches, 
· For frequency bands and TDD/FDD where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
· Reduced number of downlink MIMO layers,
· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.
· UE bandwidth reduction
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
· FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are supported by specification for a RedCap UE.
· Specify definition of the number of RedCap UE types.
· Define new receiver characteristics, demodulation performance requirements, and requirements relating to CSI reporting, RF, RRM, and other procedures, such as cell handover or (re)selection, radio link management and beam management; Evaluate and specify new minimum numbers of Rx branches for RedCap UEs in different bands.

PDCCH monitoring reduction
All the RedCap use cases require a longer battery life than smart phone, therefore power saving is an important feature for RedCap devices.The functions developed in R16 and R17 power saving WI need to be supported by RedCap devices, at least for the features that doesn’t depend on BWP specific configuration, e.g. wake up signalling, cross slot scheduling, RRM relaxation in R16, and idle/inactive-mode UE power saving enhancement, PDCCH monitoring reduction enhancement in R17 power saving WI. During the RedCap SI, power saving gain of PDCCH BD reduction has been evaluated, however, limited gain has been observed, for example, for the instant message traffic model, and 1 Rx antenna case, the mean value of power saving gain with reducing maximum PDCCH blind decoding (i.e. 36) by 25% and 50% are approximately 2.81% and 5.82%, respectively. So we are open to the  enhancements of PDCCH BD reduction schemes. If it is to be specified, we propose the following scope. 
Proposal 2: For the objective of PDCCH monitoring reduction,
· Specify UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases, including
· Specify PDCCH BD reduction schemes , e.g. maximum number reduction of Blind Decoding (BD) per slot, extending the PDCCH monitoring gap, dynamic adaptation of PDCCH BD parameters(RAN1).
Coverage recovery
According to [1], for FR1, 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. While for downlink channels, coverage recovery is only needed when the DL PSD is low, e.g. 24dBm/MHz. For the low PSD case, it is more general to be considered in CE WI.
As enhancement of PUSCH is the first priority in CE WI, and the coverage enhancement solutions are common for RedCap and non-RedCap devices, overlaped design should be avoided, we propose the coverage design is handled in CE WI.
UE identification and access restrictions for RedCap devices
UE identification has been discussed both in RAN1 and RAN2, and RAN1 studied feasibility, necessity, pros and cons from RAN1 perspective for the following schemes for identification of RedCap UEs:
· Option 1: During Msg1 transmission
· E.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning
· Option 2: During Msg3 transmission
· Option 3: Post Msg4 acknowledgment. 
· E.g., during Msg5 transmission or part of UE capability reporting
· Option 4: During MsgA transmission
· Subject to support of 2-step RACH procedure
Study of Option 4 was deprioritized in RAN1. RAN2 will go further for the details of options based on RAN1’s conclusions captured in [1]. So we think it is better for RAN2 to leading the UE identification design in normative phase.
Access ristrictions was also studied both RAN1 and RAN2, and conclusions in RAN1 are made in RAN1#103e[2]:
Conclusion:
· For access control for RedCap UEs, detailed signaling options associated with system information are postponed to the WI phase.  

Before the conclusion, the following  options has been studied[3],
Updated FL Proposal 1 (from RAN1 # 102-e)
· Further study the options to realize cell barring for RedCap UEs, including at least the following indication methods:
· Implicit or explicit indication (as may apply): 
· Alt. A: Via separate SSB and/or CORESET 0.
· Alt. B: Via indication in MIB.
· Alt. C: Via indication in DCI format scheduling SIB1.
· Alt. D: Via indication in SIB1.
· Other methods are not precluded.
Note: This study intends to establish feasibility of, and pros and cons for the identified methods from RAN1 perspective, without any intention of down-selection without guidance from RAN2.
And it was stated in [3] that,
“there exists various dependencies on decisions related to, e.g., configuration of separate DL/UL initial BWPs for RedCap UEs, support of a separate SIB1 for RedCap UEs, etc., some of which needs to rely on decisions in RAN WG2. Thus, at this point, it may be prudent to wait for RAN WG2 to make further progress, especially considering the related discussions during RAN1 #102-e meeting.”
“Given that there is an FFS on whether the indication is explicit or implicit, and the fact that in the recent RAN2 email discussion (RAN2 email discussion #914) almost all companies seem to have indicated that details beyond the above agreement should be considered during WI phase, the option of using DCI format/PDCCH scheduling system information is not precluded and can still be considered during the normative phase.”
“At this point, from RAN1’s perspective, no solution is being ruled out, and given that at least 13 companies feel that we can work out the next level of details during the WI phase, and this is not critical to the conclusion of the SI, it is recommended to postpone discussion of exact signaling solutions associated with system information to a latter phase.”
It can be seen from the above that access ristrictions is highly related to RAN2 work, so it is proposed that RAN2 leads the  access ristrictions in normative phase, RAN1 related work, for example, implicit or explicit indication Alt A, C can be done by RAN1 if required.
Conclusion
In this contribution, we discussed the considerations on the RedCap study, and give our views on UE features down-selection and the scope of WID. The following objectives related to RAN1 are proposed, 
Proposal 1: for the objective of UE complexity reduction design,
· Specify support for UE complexity reduction features, including(RAN1,RAN4),
· Reduced number of UE Rx branches, 
· For frequency bands and TDD/FDD where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
· Reduced number of downlink MIMO layers,
· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is 2.
· UE bandwidth reduction,
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
· FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Relaxed maximum modulation order,
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are supported by specification for a RedCap UE.
· Specify definition of the number of RedCap UE types.
· Define new receiver characteristics, demodulation performance requirements, and requirements relating to CSI reporting, RF, RRM, and other procedures, such as cell handover or (re)selection, radio link management and beam management; Evaluate and specify new minimum numbers of Rx branches for RedCap UEs in different bands.

Proposal 2: For the objective of PDCCH monitoring reduction,
· Specify UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases, including(RAN1)
· Specify PDCCH BD reduction schemes , e.g. maximum number reduction of Blind Decoding (BD) per slot, extending the PDCCH monitoring gap, dynamic adaptation of PDCCH BD parameters.
[bookmark: _GoBack]Note: RAN2 related objective can be further updated when the SI finised.
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