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Introduction
This document extends the discussion on the NR Coverage enhancements BS demodulation requirements introduced in  [1] after the discussion on the RAN4 #101bis-e summarized in [2] and in RAN4#102-e in [3][4]. 
The agreements reached during the last meeting regarding NR Coverage Enhancements BS Demodulation work are captured on the WFs  [4] and [5]. The major open topics being:
	· PUSCH enhancements
· TBoMS
· JCE



This paper presents Nokia’s views on the open issues related to the NR coverage enhancements BS demodulation work, extending the previous discussion introduced in [1] and [7]. 
PUSCH enhancements
Test metric for PUSCH TBoMS and PUSCH JCE
The coverage enhancements WI is to enhance reliable eMBB traffic at the cell edge. Therefore, the most meaningful KPI to be required/tested for coverage enhanced PUSCH is SNR at 70% TPUT. 
Therefore, the following is proposed:
[bookmark: _Ref95598709][bookmark: _Ref101395145]Use as evaluation metric the SNR at which the PUSCH achieves 70% of throughput to test PUSCH TBoMS and PUSCH JCE performances.

We have provided in [8] simulation results for JCE, and we don’t see the same gain at 2% BLER as some other companies show in last meetings [6]. Hence, we would prefer to keep 70% where every company is aligned. 

TB processing over multi-slot PUSCH
TBoMS parameters

TBoMS slots / TDD pattern
The most common use case for TBoMS would be VoIP or small, periodic, and delay tolerant packets. The voice packet is generated every 20 ms. Assuming the default tdd ul-dl pattern (7DSUU in FR1 and 3DSU in FR2), we have 8 available UL slots for FR1 (SCS 30 kHz) and 32 available slots for FR2 (SCS 120kHz) before a new packet is generated (in a 20 ms interval). The Figure 1 shows the number of available UL slots for 30 kHz and 120 kHz SCS in 5 ms interval. 
[image: ]
[bookmark: _Ref101282925]Figure 1: TDD-UL-DL pattern in 5 ms.

This means, as a compromise, that TBoMS could be applied easily over 4 slots for both FR1 and FR2 in TDD, before a new voice packet is generated. In case of FDD, more relaxed constraints apply due to dynamic scheduling. 
Hence, we make the following proposals: 
[bookmark: _Ref101395166]RAN4 to specify TBoMS requirements over 8 available slots in FDD and include 4 slots in TDD for both FR1 and FR2.
[bookmark: _Ref101395182]RAN4 to have requirements for PUSCH TBoMS using the default TDD UL-DL pattern for FR1: 3D1S1U, S=10D:2G:2U for 15kHz SCS and 7D1S2U, S=6D:4G:4U for 30kHz SCS (arguably already agreed in the last WF)
[bookmark: _Ref101395656]RAN4 to have requirements for PUSCH TBoMS using the default TDD UL-DL pattern for FR2 60kHz/120 kHz SCS using: 3D1S1U, S=10D:2G:2U

Number of PRB / MCS
Moreover, since the most common use case for TBoMS is the small, periodic, and delay tolerant packets, we propose to test TBoMS using narrow PUSCH allocation. 
[bookmark: _Ref95598802]TBoMS demod requirements to be specified using narrow PUSCH allocation, e.g 4 or 5 PRBs.

We propose to choose MCS 2 as it is closer to the used values in the legacy even though it is further away from the MCSs considered in RAN1 study (MCS5 and 11).
[bookmark: _Ref101395205]RAN4 to define TBoMS requirements using MCS2. 

Waveform
TBoMS feature is agnostic to waveform. To reduce simulation and test effort, we propose to define TBoMS requirements with CP-OFDM only similar to Rel16.
[bookmark: _Ref101395218]RAN4 to consider CP-OFDM only to define TBoMS requirements

PUSCH mapping type
To be aligned with legacy PUSCH demod test, we propose to cover both PUSCH mapping type A and type B for FR1
[bookmark: _Ref101395234]For TBoMS requirements, cover both PUSCH mapping type A and type B for FR1.

Antenna configuration
We propose to specify requirements for TBoMS including both 4Rx and 8Rx in addition to 2Rx already agreed. Indeed, there is no fallback applicability rule to use for BS declaring to support only 4/8 RX to use the 2RX requirements. 

Moreover, our simulations in [8] show that there is a non-trivial scaling between the number of antennas and throughput performance. Hence, we need to have requirements for 4Rx and 8Rx. 
[bookmark: _Ref101734140]The TBoMS simulation results show that there is a non-trivial scaling between the number of antennas and throughput performance. Hence, we need to have requirements for 4Rx and 8Rx
[bookmark: _Ref101395245]RAN4 to include both 4Rx and 8Rx for TBoMS requirements.

DMRS
We propose to specify TBoMS requirements using DMRS as in legacy as the number of TBoMS does not impact the functionality of TBoMS. 
[bookmark: _Ref101395257]RAN4 to use 1+0 DMRS configuration for TBoMS requirements. 

PUSCH demodulation with Joint Channel Estimation (JCE)
JCE parameters
In this section, we provide a tentative set of parameters that can be used in PUSCH performance requirements to test PUSCH joint channel estimation.

Actual TDW length / configured TDW length/number of repetitions
To be able to define requirements of PUSCH JCE and highlight the benefit from using this feature, BS demodulation requirements should be tested using an actual window (aTDW) of at least 2 slots. Since most common TDD UL DL patterns are limited to 2 consecutive UL slots. We propose to define JCE requirements using an aTDW equal to 2 for TDD. 
[bookmark: _Ref101395271]For JCE requirements, use an actual time domain window (aTDW) length to be 2 for TDD 

In FDD the phase continuity is not repeatedly broken by DL slots and similar JCE gains to TDD can be achieved with cTDW/aTDW lengths less than the max values agreed in RAN1. Since the type A PUSCH repetition is only tested using the minimum value 2 repetitions in legacy, we propose to test the JCE with higher number of repetitions. 
To test the segmentation framework which divides the cTDW into multiple aTDWs each time a violating event happens, we propose to set the cTDW length as large as possible. To compromise, we propose to define requirements with cTDW length equal to 16 slots. Assuming the defaut TDD UL-DL pattern (7DS2U), at least 4 repetitions are needed to divide at least once the cTDW into aTDWs. 
Therefore, we propose the following configurations to specify requirements for PUSCH JCE:
[bookmark: _Ref101395278]Use configured time domain window (cTDW) to be 16 for TDD and 8 for FDD to define the JCE requirements. 
[bookmark: _Ref101395293]Assuming the default 7DSUU TDD UL-DL pattern, at least 4 repetitions are needed to test the segmentation framework of cTDW in multiple aTDWs. 
[bookmark: _Ref101395303]Use configured number of repetitions greater or equal to 4 to define the JCE requirements.
We draw graphically these parameters in Figure 2 and Figure 3.
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[bookmark: _Ref101365310]Figure 2: cTDW / aTDW and repetition number for JCE requirements (TDD)
[image: ]
[bookmark: _Ref101368031]Figure 3: cTDW / aTDW and repetition number for JCE requirements (FDD).

Inter slot frequency hopping
In last meeting, we agreed to use full applicable bandwidth for JCE requirements. 
	PRB number for BS PUSCH demod requirements with JCE
· Agreement for the second round
· Use full applicable test bandwidth.



This agreement makes the inter slot frequency hopping impossible. 
[bookmark: _Ref101395313] Since the full applicable bandwidth is agreed in RAN4#102-e, the inter slot frequency hopping is no more possible and the interaction between FH and DMRS bundling will not be tested. 

TDD UL-DL pattern for BS PUSCH demod requirements with JCE
For test coverage reasons, it is required to have requirements for all SCS, but a test applicability rule should be included to reduce test effort.
Furthermore, wherever possible we should aim to re-use the commonly used TDD UL DL patterns, however for 15kHz, 60 kHz and 120 kHz this is not possible, due to the aTDW being limited to one slot, which deactivates JCE. Thus, we propose the new pattern of (DDSUU).
[bookmark: _Ref101395324]RAN4 to use the commonly 7D1S2U, S=6D:4G:4U pattern for 30 kHz for JCE requirements.
[bookmark: _Ref101395333]Use the new TDD pattern: DDSUU for 15 kHz, 30kHz and 120 kHz for JCE requirements.

Waveform
Same as for TBoMS, JCE processing is independent to waveform. To focus on JCE feature, we propose to define JCE requirements with CP-OFDM only similar to Rel16.
[bookmark: _Ref101395351]RAN4 to consider CP-OFDM only to define JCE requirements.

Antenna configuration
In coverage enhancement scenarios with challenging channel conditions, the network will favor robustness and diversity gains, hence we propose to use at least 2 and 4 Rx antennas to define requirements for JCE, but there is also no technical reason to exclude 8 Rx from the requirements. 
[bookmark: _Ref101395359]Cover 2Rx, 4Rx and 8Rx for FR1 for JCE requirements, with the usual test applicability rule.

Additional DM-RS position for BS PUSCH demod requirements with JCE
In the last meeting, we agreed to decide this question based on simulation results [3]:
	Additional DM-RS position for BS PUSCH demod requirements with JCE
· Option 1: DMRS 1+1 (E///, HW, Intel for FR2)
· Option 2: Decide whether to use 1+0 or 1+1 DMRS symbol based on companies’ simulation results, and select one that achieves larger PUSCH performance gain with JCE compared with PUSCH performance without JCE. (CTC, Intel, Samsung, Nokia)
· Tentative agreement for the second round
· Agree option 2 




Based on the simulations presented in [8], DMRS 1+1 is having big gains compared to DMRS 1+0. Hence, we propose to define JCE requirements using DMRS 1+1 and DMRS 1+0 configurations since the applicability rule might not be relevant in this case. 
[bookmark: _Ref101395369]JCE simulations show that the SNR gain with DMRS 1+1 configuration is bigger than DMRS 1+0.
[bookmark: _Ref101395379]Use both DMRS 1+1 and DMRS 1+0 configurations for JCE requirements. 

Phase offset modelling for BS PUSCH demod requirements with JCE
We think that the phase offset model will be covered by TE side. For JCE requirement, BS demodulation are defined using the ideal phase offset.
[bookmark: _Ref101395390]Use the ideal phase offset to derive JCE requirement and phase offset model will be covered by TE side in the test uncertainty.

Other parameters for BS PUSCH demod requirements with JCE
PT-RS in FR2 will likely matter for single phase continuity, we propose to use PT-RS configuration (L=1, K=2) to define JCE requirements. 
[bookmark: _Ref101395403]Use L=1, K=2 for PT-RS configuration to define JCE requirements. 

Slot allocation
To keep phase continuity issue within the aTDW, we need to have full slot allocation for PUSCH. 
[bookmark: _Ref101395416]Use full slot allocation (14 symbols) for PUSCH JCE requirements.


[bookmark: _Hlk31794208]Conclusion
In this contribution, we have provided parameters to test PUSCH enhancements performance as well as simulation results. Observations and proposals are derived from this discussion are presented as follows.

Metric
Proposal 1:Use as evaluation metric the SNR at which the PUSCH achieves 70% of throughput to test PUSCH TBoMS and PUSCH JCE performances.


TBoMS
Proposal 2:RAN4 to specify TBoMS requirements over 8 available slots in FDD and include 4 slots in TDD in both FR1 and FR2.

Proposal 3:RAN4 to have requirements for PUSCH TBoMS using the default TDD UL-DL pattern for FR1

Proposal 4:RAN4 to have requirements for PUSCH TBoMS using the default TDD UL-DL pattern for FR2 60kHz/120 kHz SCS using: 3D1S1U, S=10D:2G:2U

Proposal 5:TBoMS demod requirements to be specified using narrow PUSCH allocation, e.g 4 or 5 PRBs.

Proposal 6:RAN4 to define TBoMS requirements using MCS2.

Proposal 7:RAN4 to consider CP-OFDM only to define TBoMS requirements

Proposal 8:For TBoMS requirements, cover both PUSCH mapping type A and type B for FR1


Observation 1:The TBoMS simulation results for TBoMS show that there is a non-trivial scaling between the number of antennas and throughput performance. Hence, we need to have requirements for 4Rx and 8Rx

Proposal 9:RAN4 to include both 4Rx and 8Rx for TBoMS requirements.

Proposal 10:RAN4 to use 1+0 DMRS configuration for TBoMS requirements.



JCE

Proposal 11:For JCE requirements, use an actual time domain window (aTDW) length to be 2 for TDD

Proposal 12:Use configured time domain window (cTDW) to be 16 for TDD and 8 for FDD

Observation 2:Assuming the default 7DSUU TDD UL-DL pattern, at least 4 repetitions are needed to test the segmentation framework of cTDW in multiple aTDWs.

Proposal 13:Use configured number of repetitions greater or equal to 4 to define the JCE requirements.

Observation 3:Since the full applicable bandwidth is agreed in RAN4#102-e, the inter slot frequency hopping is no more possible and the interaction between FH and DMRS bundling will not be tested.

Proposal 14:RAN4 to use the commonly 7D1S2U, S=6D:4G:4U pattern for 30 kHz for JCE requirements.

Proposal 15:Use the new TDD pattern: DDSUU for 15 kHz, 30kHz and 120 kHz for JCE requirements

Proposal 16:RAN4 to consider CP-OFDM only to define JCE requirements


Proposal 17:Cover 2Rx, 4Rx and 8Rx for FR1 for JCE requirements, with the usual test applicability rule.

Observation 4:JCE simulations show that the SNR gain with DMRS 1+1 configuration is bigger than DMRS 1+0.

Proposal 18:Use both DMRS 1+1 and DMRS 1+0 configurations for JCE requirements. 

Proposal 19:Use the ideal phase offset to derive JCE requirement and phase offset model will be covered by TE side in the test uncertainty.

Proposal 20:Use L=1, K=2 for PT-RS configuration to define JCE requirements.

Proposal 21:Use full slot allocation (14 symbols) for PUSCH JCE requirements
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