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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#104b, discussions about the low spectral efficiency (SE) MCS table considering the impact of the Rx branch reduction feature were deferred to the RAN1#105 meeting. In this contribution, observations and proposals supporting the use of the low SE table are presented based on the agreements and comments from both the RAN1#104 and RAN1#104b meetings. 
Discussion
In RAN1#104, the following agreements were reached for the MCS tables and CQI tables [2].
	· 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



	· The CQI tables currently defined are re-used for RedCap UEs.
· FFS mandatory/optional of the CQI tables
· There is no new CQI table to be introduced for RedCap UEs



This contribution focus on the FFS for the MCS table agreement.
Benefits of making the low SE MCS table the default MCS table
The summary in the technical report [3] stated that RedCap UEs with reduced number of Rx branches and legacy UEs can co-exist. But observations from the simulation results in the study indicated there may be potentially significant performance loss for certain downlink channels (both for the connected state and during initial access). For example, the Urban scenario results in Appendix C of [3] show that using 2 receive branches instead of 4 branches for FR1 has about a ~6 dB degradation for PDSCH (based on averaging the MIL margins in the tables). This degradation increases to ~10 dB when comparing 1 receive branch vs. 4 branches. This degradation is present for RedCap UEs even when in coverage.
These results are expected: for a AWGN channel, reducing the number of branches causes the link performance curves to shift by  dB. For fading / multipath channels, the amount of the shift increases. 
The default MCS table for non-RedCap UEs is designed according to the link performance using multiple receive branches. The design considered the switch points between modulation orders and the lowest necessary code rates. This can be seen when examining the MCS tables in clause 5.1.3.1 of [7]. A comparison of the indices and code rates for normal and lower spectral efficiency (SE) tables is shown in Fig. 1. This figure is updated from [6] to include three modulation orders.
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	(a) QPSK
	(b) 16QAM
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	(c) 64QAM
	


[bookmark: _Ref67912729]Fig. 1. Comparison of normal and lower SE MCS tables for (a) QPSK, (b) 16QAM, and (c) 64QAM
From the figures, it is clear that:
· The low SE table has more 6 more QPSK entries corresponding to 1/4, 1/3, 5/12, 8/15, 13/20, and 33/40 of code rate 0.12.
· The transition between modulations is a slightly different between each table.
· The highest code rate supported by each table is a bit different
· The normal table provides one more code rate of 0.66 for QPSK; one more rate 0.64 for 16-QAM, and 4 more rates above 0.754 for 64-QAM.
As stated before, the entries in the normal MCS table are designed to provide good granularity for the gNB to match the MCS used to the channel conditions that a non-RedCap UE experiences. However, for a RedCap UE, particularly a 1 Rx RedCap UE, the SNR region that needs to be supported is shifted lower. An MCS table that has more entries for the lower rate QPSK is, therefore, appropriate for a RedCap UE. Another benefit a low SE table can improve performance with its increased frequency diversity for low code rates.
Observation 1: The low SE table is tailored to the SNR region where a reduced Rx branch RedCap UE operates.
There are three main reasons to make the low SE table the default MCS table for RedCap UEs. The first reason is, due to the approximately 10 dB shift in performance for a reduced number of branches, a RedCap UE should almost always be using the low SE MCS table.
No extra delay or signaling
Secondly, when it is the default table, the gNB can avoid the extra signaling and delay needed to configure the table in the UE. In current operations, the gNB can switch the MCS table the RedCap UE uses in the connected state. However, the delay when the correct table is used at least is based on exchanging several RRC messages including (RRCSetupRequest, RRCSetup, RRCSetupComplete, RRCReconfiguration). In the infrequent case when a RedCap UE experiences very good channel conditions, the gNB can always configure the normal MCS table, which is still supported.
Improving performance during initial access
The third reason is that the low SE table can mitigate the performance degradation due to the reduced number of receive branches during initial access. NR provides some techniques to improve performance for the downlink during initial access as captured in the following table. 
Table 1
	Technique
	Idle/inactive state

	TBS scaling
	When CRC of DCI is scrambled with P-RNTI, MsgB, and RA-RNTI. Factor is 1, 2, and 4

	HARQ retransmission
	Supported for CRC of DCI scrambled by SI-RNTI and TC-RNTI. 



During initial access, the network can use TB scaling for Msg2. It can provide 0, 3 or 6 dB of performance improvement for all UEs. Always using conservative treatment comes at a cost for the downlink: increased number of resources used regardless of whether a RedCap UE is present.
Msg4 can use HARQ re-transmissions available to mitigate the performance degradation. The impact is increased delay when 1 or more re-transmissions are needed for 1 Rx branch RedCap UEs. For 15 kHz SCS, the delay between reception of the PDSCH and transmission of PUSCH is about 1.5 ms. 
These techniques may not be sufficient for the performance degradation a RedCap UE would experience. By making the low SE table the default table, it can minimize changes to the existing RACH process, including the DCI signaling and also address co-existence with non-RedCap UEs. Note that there is a fixed offset between the low SE table and normal table for QPSK. A value between 0 and 8 in the normal table, inclusively, maps to 6 and 14 for the low SE table. The following examples show how a RedCap UE using low SE MCS table can operate.
· Receiving SIBs. Since SIBs are broadcast, they tend to use low rate QPSK modulation. A RedCap UE with low SE MCS table receives the scheduling PDCCH and translates the received MCS value (from the normal table) to a low SE MCS value by adding 6.
· When receiving PDCCH for Msg2 and Msg4, without early identification, the same translation of the MCS value occurs.
· When receiving PDCCH for Msg2 and beyond, with early identification, the gNB uses the low SE table when scheduling the PDSCH. The lowest value of the low SE table provides 6 dB of improvement. When combined with TB scaling, 12 dB of improvement is possible.
· When receiving PDCCH for Msg4 and beyond, with early identification, the gNB uses the low SE table when scheduling the PDSCH. The low SE table provides additional granularity for resource allocation as well as minimizing potential latency due to HARQ retransmissions.
As described, the low SE table can be used seamlessly with initial access.
Summary
Due to the benefits low SE MCS tables provide, it is proposed:
[bookmark: _Ref129681832]Proposal 1: The low SE table should be the default MCS table for at least 1 Rx branch RedCap UEs.
Addressing the other FFS 
Proposal 2: The low SE MCS table for PDSCH is considered as a mandatory feature for at least 1 Rx branch RedCap UEs during feature discussions. 
A final point to consider is from an operator perspective. It was a big deal for the operators to agree to 1RX UE in RAN#91. It is reasonable to ask UE manufacturers to make a bit more effort to ensure good performance for RedCap UEs.

Conclusion
This contribution examined the applicability of low SE MCS tables to address performance issues due to other complexity reduction features of RedCap UEs, particularly reduction in Rx branches. 
Observation 1: The low SE table is tailored to the SNR region where a reduced Rx branch RedCap UE operates.
Proposal 1: The low SE table should be the default MCS table for at least 1 Rx branch RedCap UEs.
Proposal 2: The low SE MCS table for PDSCH is considered as a mandatory feature for at least 1 Rx branch RedCap UEs during feature discussions. 
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