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In RedCap SI, RAN1 has discussed the issue related to coverage recovery due to the device complexity reduction. As updated in the latest WID, the following agreements of coverage loss/recovery have been made: 
	· 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). 


In this contribution, we provide analysis on UL transmission for RedCap UE supporting SUL, including benefits on coverage and data rate.
Discussion
SUL has been specified in Rel-15 for UL coverage enhancement. 
SUL operation has the benefits of both improved UL coverage and improved UL data rate, which are particularly useful for RedCap UEs where the UL performance may be concerned in the real commercialization due to reduced UE max bandwidth, reduced antenna efficiency and potentially other relaxed UE capabilities that have impact on UL transmissions. 
On UL coverage 
In RedCap study phase, coverage recovery to compensate the potential coverage reduction due to the device complexity reduction has been studied. Based on the summary of coverage recovery evaluation, the primary target for coverage recovery is still PUSCH, since the bottleneck coverage limited channel for NR is PUSCH while there is further loss of UL coverage for RedCap UEs due to lack of hopping across a larger BW, and reduced antenna efficiency in wearable devices.  
Although it was agreed that by default the techniques to be specified in Rel-17 NR_cov_enh will be available for RedCap UEs, the gap between RedCap UEs and non-RedCap UEs exists if Rel-15/16 UE features for coverage purpose are not supported for RedCap. Including the antenna efficiency consideration between a non-RedCap UEs and a RedCap UE, the gap could be larger than 3 dB.
To verify the effect of RedCap UE supporting SUL, some evaluations have been performed as in [1], and the detailed evaluation results are summarized as below. As can be seen, SUL can achieve 10 ~ 13 dB coverage gain and maximum cell range can be increased by 80% ~ 120%. 
Table 1.  Coverage gain of SUL compared with TDD band for RedCap UEs
	Carrier frequency
	MPL of PUSCH 1Mbps (dB)
	MPL gain(dB)
	Path loss gain(dB)
	Total gain(dB)

	2.6GHz (TDD) 
	108.22
	2.3
	10.3
	12.6

	700MHz (FDD)
	110.56
	
	
	

	4GHz (TDD) 
	106.30
	4.6
	6.1
	10.7

	2GHz (FDD)
	110.85
	
	
	



To show the coverage enhancement effect of SUL directly, the maximum coverage range (cell radius) in urban scenario are provided in Figure 1.
 [image: ]
Figure 1. Analysis of Maximum coverage range (cell radius)
for RedCap UEs (PUSCH 1Mbps)

Observation 1: The gap of UL coverage for non-RedCap UE and RedCap UE will be obvious if RedCap UE does not support existing features for UL coverage purpose, which leads to separate network handling among UEs and complicate the scheduling, more resources occupied by RedCap UEs thus degraded system performance. With SUL, significant UL coverage improvement is expected.

On UE data rate
In addition to the benefits of coverage improvement, due to the increased time-frequency resources and better propagation performance of SUL band, all the RedCap UEs’ data rate will be increased and user experience will be improved. Further, it is particularly noted that in TDD with some typical UL-DL configurations (e.g. 8:2), the UL data rate can be very restricted, which results in some RedCap UEs may never be able to reach the possible UL peak data rate for wearable use case, since network will unlikely frequently change its slot configuration in cell level. 
With SUL, from single UE perspective, thanks to the increased UL transmission occasions from the SUL bands associated with TDD bands, the peak UL data rate can be significantly increased.
From system perspective, SUL can also improve the throughput, as performed by SLS and shown in Figure 2. The detailed simulation assumptions can be found in the Appendix. 
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Figure 2. UPT evaluation of RedCap UEs 

Observation 2: SUL can also significantly improve the UL data rate, which is beneficial in typical NR TDD networks. 

Impact on implementation
It should be noted that SUL does not require simultaneous transmissions on NUL and SUL, similar as required in the cost estimate study of RedCap. Therefore, no additional cost as long as a device is implemented to support multi-bands. More details on the implementation commonality between RedCap UEs supporting SUL bands and those supporting FDD bands can be find in our contribution in [2].

Specification impact
Since SUL is an existing UE feature, RedCap UE supporting SUL does not impose additional specification impact from RAN1 perspective, except that it is pending confirmation from RAN4 about the RxTx transition time if a RedCap UE does not report simultaneous transmission and reception. If the transition time is confirmed to be the same as a non-RedCap UE not capable of simultaneous transmission and reception for SUL, no additional specification impact is foreseen.
Observation 3: RedCap UE supporting SUL does not impose additional implementation/cost and specification impact. 

SUL vs. CA
WID has the following objective:
	Notes:
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.



The initial motivation of limiting RedCap WID on single connectivity with operation in a single band at a time is to define a reference NR device for evaluation of cost/complexity reduction purpose, and restrict NR RedCap UE to support carrier aggregation (CA) to be involved for the evaluation. There is clear agreements that CA is deprioritized for Rel-17 RedCap study by a similar text as above, and by an explicit agreement later, while there is never agreement intending to deprioritize SUL, the same as all other optional features in existing specifications. 
Also, SUL is different from CA. For SUL, there’s no simultaneous uplink transmission on NUL carrier and SUL carrier, so the RF structure of SUL is different from that of CA. More details can be found in [2].
Thus in our view, as CA & DC has been already explicitly out of the scope per WID while no other statements for SUL, the related restriction about “single band” is not relevant. 
Given that in the WID
“existing UE capability framework is used; changes to capability signaling are specified only if necessary”,
the following is also observed 
Observation 4: SUL is by default supported as with other optional feature that is not explicitly excluded as per the WID.

Based on the above observations, we propose that
Proposal:  Further discuss whether there are any additional issues in order to optionally support SUL for RedCap, e.g. switching time to be discussed in RAN4. 

Conclusions
[bookmark: _Ref129681832]According to the previous discussion, we have the following observations and proposals.
Observation 1: The gap of UL coverage for non-RedCap UE and RedCap UE will be obvious if RedCap UE does not support existing features for UL coverage purpose, which leads to separate network handling among UEs and complicate the scheduling, more resources occupied by RedCap UEs thus degraded system performance. With SUL, significant UL coverage improvement is expected.
Observation 2: SUL can also significantly improve the UL data rate, which is beneficial in typical NR TDD networks. 
Observation 3: RedCap UE supporting SUL does not impose additional implementation/cost and specification impact. 
Observation 4: SUL is by default supported as with other optional feature that is not explicitly excluded as per the WID.
[bookmark: _GoBack]Proposal:  Further discuss whether there are any additional issues in order to optionally support SUL for RedCap, e.g. switching time to be discussed in RAN4. 
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Appendix 
The simulation assumptions of system level simulation for PUSCH with SUL are provided in Table A1-1.
Table A1-1. The simulation assumption of link level simulation for PUSCH with SUL
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500 m(Dense Urban)

	Scenario and frequency
	Dense Uran:4 GHz (TDD) and 2 GHz(SUL)

	system bandwidth
	100 MHz for 4GHz, only 20MHz can be used for RedCap UEs;
20 MHz for 2GHz;

	UE  bandwidth
	20 MHz 

	SCS 
	30 kHz for 4 GHz carrier
15 kHz for 2 GHz carrier

	Channel model 
	3DUma for DU

	UE distribution
	20% Outdoor in cars: 30km/h
80% Indoor in houses: 3km/h

	BS antenna configuration
	192*
(M,N,P,Mg,Ng;Mp,Np)
= (12,8,2,1,1;1,1) for  4 GHz TDD;
40*
(M,N,P,Mg,Ng;Mp,Np)
= (2,10,2,1,1;2,1) for  2 GHz SUL;
128*
(M,N,P,Mg,Ng;Mp,Np)
= (8,8,2,1,1;8,2) for  2 GHz SUL;

	UE antenna configuration
	1T for 4 GHz carrier and 2 GHz carrier

	UE antenna gain(dBi)
	0 

	CP/DFT-S-OFDM
	CP-OFDM

	SU/MU-MIMO
	SU-MIMO

	Codebook/Non-codebook
	Codebook

	Frame structure for TDD
	For 4 GHz:
DDDSUDDSUU (S: 10D:2G:2U)

	DMRS configuration
	Type1 with 1front DMRS + 1symbol additional DMRS
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