[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting#104-e                	R4-2212829
Electronic Meeting, 15 August – 26 August 2022

Source: 	Nokia, Nokia Shanghai Bell 
Title: 	PUSCH demodulation performance of Rel-17 NR coverage enhancements
Agenda item: 	9.16.2.1
Document for: 	Discussion
Introduction
This document extends the discussion on the NR Coverage enhancements BS demodulation requirements introduced in RAN4 #101bis-e summarized in [4]. The discussion continued in RAN4#102-e in [5], and in RAN4#103-e in [6]. 
The agreements reached during the last meeting regarding NR Coverage Enhancements BS Demodulation work are captured on the WFs [7][8][9]. 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] [2][3]. 

[bookmark: _Ref109771697]Test requirement discussion scope for FR2
In RAN4#103-e, RAN4 RF has agreed not to extend the DMRS bundling requirements to FR2-2 in Rel-17 [10]. Hence, we propose to limit the discussion scope of Rel-17 coverage enhancements to FR1 and FR2-1 in BS demod to align to RF agreement.
[bookmark: _Ref109771673][bookmark: _Ref95598709][bookmark: _Ref101395145]RAN4 to explicitly limit the requirement scope of Rel-17 coverage enhancements to FR1 and FR2-1 in BS demod specifications.

We note that in TS 38.104 it is made clear that all legacy references to “FR2” are extended to mean both “FR2-1 and FR2-2”:
	[bookmark: _Toc21127424][bookmark: _Toc29811630][bookmark: _Toc36817182][bookmark: _Toc37260098][bookmark: _Toc37267486][bookmark: _Toc44712088][bookmark: _Toc45893401][bookmark: _Toc53178128][bookmark: _Toc53178579][bookmark: _Toc61178805][bookmark: _Toc61179275][bookmark: _Toc67916571][bookmark: _Toc74663169][bookmark: _Toc82621709][bookmark: _Toc90422556][bookmark: _Toc106782749][bookmark: _Toc107311640][bookmark: _Toc107419224][bookmark: _Toc107474851]5.1	General
[bookmark: _Hlk494631479]The channel arrangements presented in this clause are based on the operating bands and BS channel bandwidths defined in the present release of specifications.
NOTE:	Other operating bands and BS channel bandwidths may be considered in future releases.
Requirements throughout the RF specifications are in many cases defined separately for different frequency ranges (FR). The frequency ranges in which NR can operate according to the present version of the specification are identified as described in table 5.1-1. Whenever FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be applied, unless otherwise stated.
Table 5.1-1: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	FR2-1
	24250 MHz – 52600 MHz

	
	FR2-2
	52600 MHz – 71000 MHz







The text refers to “RF specifications” in particular here, but it is understood that this is meant to encompass the whole 38.104 specification, including demodulation performance.
At the very least, this should be clarified for the demodulation performance part of the specification.

[bookmark: _Ref109771714]PUSCH TBoMS
[bookmark: _Ref109771719]Antenna configuration for TBoMS
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 [11] 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: _Ref109771723]The TBoMS simulation results in our companion contribution 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: _Ref109771736]RAN4 to include 2Rx, 4Rx and 8Rx for TBoMS requirements.

PUSCH demodulation with Joint Channel Estimation (JCE)

[bookmark: _Ref109771752]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).
In RAN4#103-e, we made the following agreement: 
	· GTW agreement:
· For FR1 15KHz SCS, define new TDD pattern with multiple contiguous UL slots and further discuss the exact TDD pattern
· For FR2 60/120 kHz SCS, define new TDD pattern with multiple contiguous UL slots and further discuss the exact TDD pattern
· Manufacture declaration can be introduced for supporting JCE with corresponding SCS
· Candidate options for new TDD patterns:
· For FR1 15KHz SCS
· Option 1A: DSUUU
· Option 1B: 7D1S2U, S=6D:4G:4U
· Option 1C: DDSUU, S=10G:2G:2U
· For FR2 60/120 kHz SCS:
· Option 1A: DSUUU
· Option 1B: 5D1S4U
· Option 1C: DDSUU, S=10G:2G:2U
· Proposals for manufacture declaration for support of JCE:
· Proposal 1:
	Declaration identifier
	Declaration
	Description

	D.yyy
	SCS for PUSCH JCE and PUCCH JCE
	Declaration of supported SCS for PUSCH JCE and PUCCH JCE, i.e. {15kHz, 30kHz, 60kHz 120kHz}


· Proposals on JCE test applicability rule for different TDD patterns for each SCS:
· Proposal 1: the requirement defined for each SCS can be applicable for other TDD patterns with same number of physical consecutive slots (aTDW length)
· Proposal 2: The same requirements are applicable to TDD with different UL-DL patterns, as long as those patterns allow for the mandated aTDW
· Agreement in the second round:
· Make decision on the exact TDD pattern for 15/60/120kHz in the next meeting.
· Use the below TDD patterns for simulation purpose only, and the same requirement can be reused if other patterns with same number of UL consecutive slot number is agreed:
· 7D1S2U, S=6D:4G:4U for 15kHz
· DDSUU, S=10G:2G:2U for 60/120kHz
· Further discuss the test applicability rule for different TDD patterns for each SCS.
· Further discuss the details for manufacture declaration for PUSCH JCE.



TDD pattern:
Since aTDW is agreed to be equal to 2, we propose the new pattern of (DDSUU) for 15 kHz, 30kHz and 120 kHz.
[bookmark: _Ref101395333][bookmark: _Ref109771757]Use the new TDD pattern: DDSUU for 15 kHz, 30kHz and 120 kHz for JCE requirements.
Applicability rule for JCE 
As for the test applicability rule for different TDD patterns, the JCE requirement can be applicable, if the same number of consecutive slots (aTDW) is respected.
[bookmark: _Ref110213328]JCE requirements can be applied for different TDD patterns if the number of consecutive slots (aTDW length) is the same.
Manufacture declaration of JCE with SCS.
[bookmark: _Ref110213340]RAN4 to define manufacture declaration for PUSCH JCE as follows:
	Declaration identifier
	Declaration
	Description

	D.yyy
	SCS for PUSCH JCE and PUCCH JCE
	Declaration of supported SCS for PUSCH JCE and PUCCH JCE, i.e. {15kHz, 30kHz, 60kHz 120kHz}



[bookmark: _Ref109771981]Channel bandwidth for JCE 
Our results in [12] do not show a significant performance difference between the smallest and largest ChBW, thus we propose to only require testing of JCE with JCE with the smallest ChBW to reduce test effort.
[bookmark: _Ref109771766]Cover the minimum bandwidth only for each SCS to define JCE demod requirements.

[bookmark: _Ref109771995]Antenna configuration for JCE 
In coverage enhancement scenarios with challenging channel conditions, the network will favor robustness and diversity gains. Moreover, our results in [11], the SNR gain for 8 antennas is not trivial using the 2Rx figures. 
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.

[bookmark: _Ref109772077]Additional DM-RS position for BS PUSCH demod requirements with JCE
In RAN4#102-e, we agreed to decide this question based on simulation results:
	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 [11][12], 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: _Ref109771802][bookmark: _Ref101395379]Use both DMRS 1+1 and DMRS 1+0 configurations for JCE requirements. 

[bookmark: _Ref109772016]Phase offset modelling and CFO for BS PUSCH demod requirements with JCE
In the last meeting, we agreed to use the ideal phase offset to derive JCE requirements. We propose to capture any remaining TE phase offset non-idealities in the TE test uncertainty (MU/TT).
[bookmark: _Ref109771809]Consider remaining phase offset non-idealities to be part of the TE test uncertainty.
[bookmark: _Ref109771818]Consider remaining CFO impact to be part of the TE test uncertainty. 


[bookmark: _Hlk31794208]Conclusion
In this contribution, we have provided parameters to test PUSCH enhancements performance. Observations and proposals are derived from this discussion are presented as follows.
Test requirement discussion scope for FR2
Proposal 1:RAN4 to explicitly limit the requirement scope of Rel-17 coverage enhancements to FR1 and FR2-1 in BS demod specifications.

Antenna configuration
Observation 1:The TBoMS simulation results in our companion contribution 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 2:RAN4 to include 2Rx, 4Rx and 8Rx for TBoMS requirements.

TDD UL-DL pattern for BS PUSCH demod requirements with JCE
Proposal 3:Use the new TDD pattern: DDSUU for 15 kHz, 30kHz and 120 kHz for JCE requirements.

Applicability rule for JCE 
Proposal 4:JCE requirements can be applied for different TDD patterns if the number of consecutive slots (aTDW length) is the same.
Manufacture declaration of JCE with SCS.
Proposal 5:RAN4 to define manufacture declaration for PUSCH JCE as follows:
	Declaration identifier
	Declaration
	Description

	D.yyy
	SCS for PUSCH JCE and PUCCH JCE
	Declaration of supported SCS for PUSCH JCE and PUCCH JCE, i.e. {15kHz, 30kHz, 60kHz 120kHz}




Channel bandwidth
Proposal 6:Cover the minimum bandwidth only for each SCS to define JCE demod requirements.

Antenna configuration
Proposal 7: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
Observation 2:JCE simulations show that the SNR gain with DMRS 1+1 configuration is bigger than DMRS 1+0.
Proposal 8:Use both DMRS 1+1 and DMRS 1+0 configurations for JCE requirements.

Phase offset modelling and CFO for BS PUSCH demod requirements with JCE
Proposal 9:Consider remaining phase offset non-idealities to be part of the TE test uncertainty.
Proposal 10:Consider remaining CFO impact to be part of the TE test uncertainty.
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