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At RAN1#101-e, several agreements were made and related to the coverage recovery for redcap in the following agreement
Agreements:
Ÿ   If/when link-level coverage evaluations outside the CE SI are needed,
Ÿ   The CE SI link-level simulation assumptions can be used as a starting point.
Ÿ   For calibration purposes, the following settings can be used:

	Parameters
	FR1 values
	FR2 values

	Scenario and frequency
	Urban:
2.6 GHz (TDD) (primary choice)
4 GHz (TDD) (secondary choice)

Rural:
700 MHz (FDD)
	Indoor: 28 GHz (TDD)

	Frame structure for TDD
	For 2.6 GHz:
DDDDDDDSUU 
(S: 6D:4G:4U)

For 4 GHz:
DDDSUDDSUU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h



This contribution presents evaluation results following the SID objective:
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 

We evaluate the gains in terms of increase in SNR from existing coverage enhancement techniques, as existing techniques should be used before new ones developed, and for the PDSCH, as this channel may suffer the most degradation from complexity reduction techniques such as antenna reduction and bandwidth reduction. The techniques considered are PDSCH repetition and using lower MCS from 5.1.3.1-3 [1] (sometimes referred to as the URLLC MCS table). We focus on the simulation assumptions highlighted in blue in the agreement above. That is the scenario corresponds to the Urban 2.6 GHz with channel model TDL-C at UE velocity of 3km/h. The reference evaluation assumptions from the Coverage Enhancement agreements were used for the downlink channel and are included in the Appendix.


Existing coverage enhancement techniques
Gains from repetition
We investigate the gains in terms of SNR for different PDSCH repetitions. Our link level simulation assumptions include the highlighted blue assumptions from the agreement above. That is the focus is on FR1 Urban Scenario at 2.6 GHz.  In addition, we assume the bandwidth is set to 100 MHz and 30 kHz subcarrier spacing SCS, with 200 RBs used of the 273. The number of gNB TxRUs is 64 while the number of Tx chains is 4. 
The UE receive chains considered is 4. The number of PDSCH layers is 1. It is assumed the channel is TDL-C, NLOS, 3km/hr and the modulation assumed is MCS 0 from Table 5.1.3.1-1 of [1]. The practical channel estimation is considered.
The LLRs from the different repetitions are combined at the receiver for decoding after repetitions at different slots. In this case, HARQ was disabled (enabling HARQ can provide additional gains but at the cost of latency). The resulting gains from link level simulations with PDSCH repetitions are shown in Table 1.
Repetition in time can help gain back losses from complexity reduction techniques, which are quantified for this particular scenario is Section 2.3. 
[bookmark: _Hlk47605464]Table 1: Gains in dB for different repetitions in time domain
	Signaled Repetition
	Gain in dB

	R=2
	~2.7

	R=4
	~5.1

	R=8
	~8

	R=16
	~11.3




Observation 1: The existing Rel-15 repetition in time domain offers significant benefits for RedCap UEs. 

Gains from using MCS table 5.1.3.1-3
The previous section showed the gains possible from existing techniques considering repetition in time. In this section we investigate the gains possible from (effectively) repetition in frequency within a slot.
For the same simulation setup described in section 2.1 (with 4 receive antennas), we investigate the gain in terms of SNR for different MCS levels as listed in [1] Table 5.1.3.1-1 and 5.1.3.1-3. The MCS evaluated are 1) QPSK with R=120/1024 and 2) QPSK with R=30/1024.  The TBS was 1672 (where the latter uses 200 RBs and where a smaller number of PRBs were used for the former such that the two have the same TBS). Link level simulations show an almost 4.5dB increase in SNR using the MCS table 5.1.3.1-3.
Table 2: Gains in dB from using lower MCS from [1] Table 5.1.3.1-3
	TBS
	MCS entries
	Gain in dB

	1672
	QPSK with R=120/1024
	-

	1672
	QPSK with R=30/1024
	4.5 dB 



Observation 2: The existing Rel-15 lower MCS table offers significant benefits for RedCap UEs.

Losses from Complexity Reduction techniques
The same simulation setup described in Section 2.1 is used with the following modifications to evaluate the loss from complexity reduction techniques for the 2.6 GHz Urban scenario:
· Having 1 receive antenna UE instead of 4 receive antennas 
· Frequency diversity loss from having a smaller bandwidth (20 MHz) instead of 100 MHz
The reduction of receive antennas from 4 to 1 resulted in ~6dB loss from link level simulations. 
Moreover, the loss from frequency diversity was evaluated with a 50 PRB (~20MHz) assignment either localized within or distributed over 200 PRBs. The loss from such is ~ 1.5dB. An additional loss of 3dB may be considered due to reduced antenna efficiency.
In our previous contribution for RAN1#101-e, some link budget analysis were presented. It was shown that the uplink channel is mostly the limiting channel for most scenarios where for the Urban scenario the mismatch in downlink and uplink was more than 10dB. Therefore the downlink channel may not be limiting by large margin which may be taken into account when compared to the losses due to complexity reduction and its compensation. Existing techniques considered in Section 2.1 and Section 2.2 are recommended for mitigating performance degradation, and recovering coverage loss (if any).

Proposal 1: A combination of existing Rel 15 coverage enhancement techniques such as repetition in time domain and using the lower MCS table 5.1.3.1-3 are recommended for mitigating performance degradation and recovering coverage loss (if any). 
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Conclusions 
Complexity reduction techniques for RedCap were discussed. We drew the following observations:
We investigate the losses from complexity reduction techniques and gains from existing NR coverage recover techniques for Urban 2.6 GHz FR1 scenario. It is recommended to exploit existing techniques for mitigating performance loss if any.
Observation 1: The existing Rel-15 repetition in time domain offers significant benefits for RedCap UEs.
Observation 2: The existing Rel-15 lower MCS table offers significant benefits for RedCap UEs.
Proposal 1: A combination of existing Rel 15 coverage enhancement techniques such as repetition in time domain and using the lower MCS table 5.1.3.1-3 are recommended for mitigating performance degradation and recovering coverage loss (if any). 
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Appendix
Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 and PDSCH for FR1.
· Reuse following simulation assumptions agreed for PUSCH.
· Scenario and frequency, frame structure, SCS, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS.
· The number of UE receive chains 
· 4 for 4GHz/2.6GHz
· 2 or 4 for 2GHz
· 2 for 700MHz
· For PDSCH, reuse BLER, HARQ, Latency requirements for voice agreed for PUSCH.
·    Reuse DM-RS configuration agreed for PUSCH except that 3 DMRS symbols is used for Msg2.

· For link level simulation, adopt the following table for PUSCH and PUCCH for FR1.

	Parameters
	Values

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD) 

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz
Other frame structures can be reported by companies.

	Pathloss model (select from LoS or NLoS)
	Urban: NLoS
Rural: NLoS and LoS

	BWP
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD
20MHz (optional for 10MHz) for 700MHz. (FDD)

	SCS
	30kHz for TDD, 15kHz for FDD.

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.
[CDL]

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 120km/h  (optional 30km/h) for outdoor

	Frequency hopping
	w/ or w/o Intra-slot frequency hopping for PUSCH
w/ frequency hopping for PUCCH is enabled.




Agreement:
· For link level simulation, adopt the following table for PDSCH for FR1.
	Parameters
	Values

	Waveform
	CP-OFDM

	PRBs/MCS/TBS
	Reported by companies.

	PDSCH duration
	12 OS

	Other parameters
	FFS




