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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The 3GPP Rel-17 work item for reduced capability (RedCap) devices was updated in [1]. Among the objectives, the scope of this WI includes specifying support for five UE complexity reduction features (reduced maximum bandwidth, reduced minimum number of Rx branches, maximum number of DL MIMO layers, relaxed maximum modulation order, and half duplex operation). 
In RAN1#104, several agreements for the RX branch reduction feature were made as well as listing many open issues. In this contribution, discussions and proposals based on the agreements and open issues are provided. 
Discussion
WID update
In RAN#91, the objective of the feature for reduced minimum number of Rx branches in the WID [1] was revised to:
	· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.



The key changes are the supporting of 1 Rx antenna for TDD and the means of specifying “by which the gNB can know the number of Rx branches of the UE”. 
The last objective is related to an agreement in RAN1#104.
	· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)



Impact for reduced number of antennas
The summary in the technical report [5] stated that RedCap UEs and legacy UEs can co-exist, but observations from the simulation results in the study indicated there may be potential impact for certain channels, as captured below in Table 1.
[bookmark: _Ref67908050]Table 1. Whether coverage recovery is needed for FR1, based on the study [5]
	
	2 Rx branches
	1 Rx branch

	Channel
	4GHz, and DL PSD 24 dBm/MHz
	not at 4GHz or using DL PSD 33 dBm/MHz
	4GHz, and DL PSD 24 dBm/MHz
	not at 4GHz or using DL PSD 33 dBm/MHz

	PDCCH
	
	
	[1 dB] needed
	

	PDSCH
	[1 dB] needed
	
	[2-3 dB] Msg4, [6 dB] Msg2
	

	PUSCH
	[~3 dB] needed
	[~3 dB] needed
	[~3 dB] needed
	[~3 dB] needed

	PUCCH
	
	
	
	



In the WID, there is no objective for coverage enhancement other than by default being able to use the features of Rel-17 CE. During the normative phase of this feature, we can consider the values from the study and also consider the impact to performance of the degradations for these channels, such as when examining the FFS for blocking. 
Uplink performance was brought up in RAN#91, including the assumption of a 3dB factor for smaller size in the study. That factor was not agreed to be included in the WID. In the revised WID [1], the following note was added to the objective.
	· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary).



It is known that conservative treatment (such as using a higher aggregation level, TBS scaling, or lower values of the default MCS table) can overcome some issues with using fewer receive branches on the downlink. There are limits to how much gain is possible with the aggregation level, where 32 is the maximum, and with the default MCS table, where the lowest MCS index was used in the study. With TBS scaling, the limitations are it is currently applicable to RA-RNTI (clause 5.1.3.2 of 38.214 [6]) and provides only two scaling values less than 1 (i.e.,0.5 and 0.25). 
Conservative treatment comes at a cost for the downlink: increased number of resources used regardless of whether a RedCap UE is present. The question of how to incorporate improve downlink performance for RedCap UEs without using a conservative treatment for all UEs.
Early identification
As part of the discussion on the number of Rx branches in RAN#91, most companies indicated interest in early identification. The WID was revised to include this objective [1].
	· 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. [RAN2, RAN1]



In LTE MTC, there is a reduced number of Rx branches. A MTC device can select how to transmit Msg1 based on measurements of the downlink reference signals (see [7] clause 5.1.1: “the available set of PRACH resources associated with each enhanced coverage level supported in the Serving Cell for the transmission of the Random Access Preamble”). Based on what was received for Msg1, the eNB selects the appropriate downlink resources according to the selected PRACH resources for the subsequent steps in initial access.
A similar approach can be applied to NR, where a RedCap UE determines which RACH resource should be used according to the measured power. Based on the selected RACH resource, the gNB can determine whether the RedCap UE needs additional downlink resources for initial access. Otherwise, the gNB can allow the RedCap UE to use the same resources as legacy devices. The gNB can later be informed of the number of branches during normal capability exchange.
Proposal 1: Based on measured power, a RedCap UE selects, among a set of RACH resources including resources for legacy devices, for the transmission of Msg1.
How the network provides additional resources is described in the following sections. For NR, there can be several options to improve performance on the downlink.
Because a RedCap device is not for low power wide area (LPWA) applications, we anticipate only needing perhaps the legacy resource and one new resource.
Lower SE MCS table
In [2], during the discussion of modulation order, an agreement regarding MCS tables was made.
	· The MCS tables currently defined are re-used for RedCap UEs
· FFS which MCS table is the default one for RedCap (i.e., the default one for non-RedCap UEs or the one with low SE entries)
· FFS mandatory/optional of the MCS tables
· Note: there is no new MCS table to be introduced for RedCap UEs



Based on the tables in clause 5.1.3.1 [6], a comparison of the indices and code rates for the two MCS tables (normal and lower spectral efficiency (SE)) is shown in Fig. 1. With the lower SE table, there are six more indices available below 0.12 (lowest code rate of the normal MCS table). The ratio between the lowest code rates in each table is 4.
[image: ]
[bookmark: _Ref67912729]Fig. 1. Comparison of normal and lower SE MCS tables for QPSK
While TB scaling and the lower SE table each provide a maximum factor of 4 decrease in code rate, the lower SE table provides four additional levels; allowing the network more control to fine tune the coding rate. In addition, TB scaling and the lower SE table can be coupled; providing up to a factor of 16 decrease in code rate. With this benefit in network flexibility, it is desirable to make the lower SE table the default MCS table for RedCap UEs to address performance for initial access.
Note for certain network configurations, a RedCap UE and legacy UE can be scheduled with the same DCI for Msg2. Due to compatibility reasons, the signaled MCS index corresponds to the normal MCS table. Since there is a fixed offset between tables for QPSK, a RedCap UE can translate the signaled MCS index to an index to the lower SE table. 
Proposal 2: The lower SE table as the default MCS table for at least 1 Rx branch RedCap UEs is considered as a mandatory feature for RedCap UEs during feature discussions.
Repetition
Another option for improving the performance for PDSCH is using multislot repetition during the connected state. This is an optional Rel. 15 feature (see table below). For RedCap UEs, this feature should be made mandatory. While multislot repetition for PDSCH may not be necessary sometimes, the feature allows the gNB additional flexibility for assigning resources when the reduced number of Rx branches RedCap UEs impacts performance. While it may be early during the work item stage to discuss features, multislot repetition should be noted as a legacy feature that can be reused for RedCap UEs.
Proposal 3: Multislot repetition for PDSCH is considered as a mandatory feature for RedCap UEs during feature discussions.
[bookmark: _Ref68171826]Table 2. Multislot Repetition feature [8]
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	pdsch-RepetitionMultiSlots:
Indicates whether the UE supports receiving PDSCH scheduled by DCI format 1_1 when configured with higher layer parameter pdsch-AggregationFactor > 1, as defined in 5.1.2.1 of TS 38.214 [12].
	UE
	No
	No
	No



In NR, the multislot repetition for PDSCH feature is not used during initial access for legacy UEs. Supporting multislot repetition for initial access for RedCap UE should be considered with the reduced number of Rx branches feature. For example, if a RedCap UE selects a RACH resource according to a received power, the gNB could schedule those RedCap UEs using multislot repetition. 
Proposal 4: Multislot repetition for PDSCH during initial access should be considered for the reduced number of Rx branches feature of RedCap UEs.
PDCCH
For RedCap UEs, with one Rx branch, the performance of PDCCH may be impacted. While using an aggregation level of 32 is always available, the higher aggregation level may reduce PDCCH capacity (increasing the probability of blocking). To improve PDCCH performance, several options include:
· Use a compact DCI
· One implementation option is to increase the power of the PDCCH
For a compact DCI, since it has a smaller size, it can be transmitted with the same reliability but using a smaller aggregation level. One benefit is that the probability of blocking is reduced. By starting with existing DCIs but making necessary changes for RedCap UEs while reducing the size should be a continuing task during the work item. This is in the same spirit as the RAN decision of modifying UL CE solutions “with small modifications for RedCap UEs if found necessary” [1]. 
Proposal 5: RedCap UEs support a compact DCI.
Note that this can be a working assumption during the work item with detailed signaling (i.e., whether a signaling bit is needed for testing) discussed with the UE features.
[bookmark: _Ref129681832]Conclusion
This contribution examined the impact of supporting the reduced number of Rx branches feature. Legacy features are considered for improving performance with a reduced number of Rx branches.
Proposal 1: Based on measured power, a RedCap UE selects, among a set of RACH resources including resources for legacy devices, for the transmission of Msg1.
Proposal 2: The lower SE table as the default MCS table for at least 1 Rx branch RedCap UEs is considered as a mandatory feature for RedCap UEs during feature discussions.
Proposal 3: Multislot repetition for PDSCH is considered as a mandatory feature for RedCap UEs during feature discussions.
Proposal 4: Multislot repetition for PDSCH during initial access should be considered for the reduced number of Rx branches feature of RedCap UEs.
Proposal 5: RedCap UEs support a compact DCI.
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