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Background
During RAN4#103-e meeting, WF [1] on PUSCH demodulation performance of Rel-17 NR coverage enhancement was approved. In this contribution, we share our views about the BS coverage enhancement PUSCH demodulation requirements.
Discussion
Test requirement discussion scope for FR2
	· Candidate options:
· Option 1: Limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1
· Option 2: Do not limit the scope in this WI 
· Option 3: Following the decision in the RF core part
· Recommended WF
· FFS



Usually, RAN4 demodulation requirements does not consider other new features that is in the same release to avoid the duplicate discussion. Therefore, we prefer to limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1.
Limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1.
PUSCH TB over Multi Slots (TBoMS)
TDD UL-DL pattern and test applicability for BS requirements for PUSCH TBoMS
	· Agreement in the second round:
· For 15/60/120kHz SCS, use 3D1S1U, S=10D:2G:2U.
· Keep the existing test applicability rule for different TDD UL-DL patterns as baseline and interested companies can bring TBoMS simulation results between different TDD patterns.
· FFS whether Manufacturer declaration can be introduced for TBoMS



Firstly, 3D1S1U and 7D1S2U is the typical TDD pattern that is mainly used in the real network for 15/60/120kHz SCS and 30kHz SCS respectively. It is more likely a BS will not support other TDD patterns to reduce costs. However, the BS processing complexity is different for 3D1S1U and 7D1S2U TDD pattern since the latter has two consecutive UL slot so that BS does not need to storage the UL data while perform DL transmission. Therefore, there is necessity to introduce BS manufacturer declaration with corresponding SCS for PUSCH TBoMS to distinguish a BS support multiple SCS but only support TBoMS feature on 30kHz SCS with 7D1S2U TDD pattern. The detailed example of manufacturer declaration can be shown as following:
	Declaration identifier
	Declaration
	Description

	D.xxx
	SCS for PUSCH TBoMS
	Declaration of supported SCS for PUSCH TBoMS, i.e. {15kHz, 30kHz, 60kHz 120kHz}



Introduce manufacture declaration with corresponding SCS for PUSCH TBoMS, such as following:
	Declaration identifier
	Declaration
	Description

	D.xxx
	SCS for PUSCH TBoMS
	Declaration of supported SCS for PUSCH TBoMS, i.e. {15kHz, 30kHz, 60kHz 120kHz}



Antenna configuration for TBoMS PUSCH demod test
	· Candidate options
· Option 1: 1T2R
· Option 2: Cover 2Rx, 4Rx and 8Rx
· Recommended in the second round
· As a compromise for all companies, can we agree the following: 
· Only cover 1T2R for TBoMS
· Cover 2/4/8 Rx for PUSCH JCE



[bookmark: _Hlk110334470]From verification of TBoMS feature point of view, it is enough to only consider 1T2R. 4Rx and 8Rx has been verified in Rel-15, it is not necessary to define requirements for 4Rx/8Rx antenna configuration for BS TBoMS PUSCH demod requirements. Also test effort and simulation effort can be reduced by only defining 1T2R requirements.
Only define 1T2R requirements for TBoMS PUSCH.
PUSCH demodulation with Joint Channel Estimation (JCE)
TDD UL-DL pattern for BS PUSCH demod requirements with JCE
	· 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.



For the TDD pattern, considering that there must be new TDD pattern defined, with at least 2 contiguous UL slots, all above candidate options seems feasible. We prefer to use DSUUU pattern as default pattern for JCE requirements definition since it is more likely be used in the real network in the future. However, there is one ‘U’ slot left without JCE in a TDD pattern period, it is better that PUCCH/PUSCH is not transmitted in the last ‘U’ slot of each TDD pattern period for DSUUU pattern.
Use DSUUU pattern as default pattern for JCE requirements definition based on assumption that PUCCH/PUSCH is not transmitted in the last ‘U’ slot of each TDD pattern period for DSUUU pattern.
More generally, for the test applicability rule, we propose that the requirement defined for each SCS can be applicable for other TDD patterns with same number of physical consecutive slots (aTDW length). For the TDD pattern with odd number of consecutive ‘U’ slots, the requirements can also applied with the additional constriction that PUCCH/PUSCH is not transmitted in single-slot aTDW.
The requirement defined for each SCS can be applicable for other TDD patterns with same number of physical consecutive slots (aTDW length). For the TDD pattern with odd number of consecutive ‘U’ slots, the requirements can also applied with the additional constriction that PUCCH/PUSCH is not transmitted in single-slot aTDW.
For the manufacture declaration, we propose the following wording for supporting JCE with corresponding SCS.
	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}



Use the following wording for supporting JCE with corresponding SCS:
	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}



PRB number for BS PUSCH demod requirements with JCE
	· Agreement in the second round:
· Cover the minimum bandwidth for each SCS
· FFS on whether to cover the largest CHBW for each SCS and interested companies can bring simulation results for the largest CHBW



From verification of TBoMS feature point of view, it is enough to only consider the minimum bandwidth. The largest bandwidth has been verified in Rel-15, it is not necessary to define requirements for the largest bandwidth configuration for BS TBoMS PUSCH demod requirements. Also, considering that coverage enhancement is mainly target for cell edge user, smaller number of RBs can be considered as typical configuration. Therefore, we prefer to only cover the minimum bandwidth for each SCS for BS PUSCH demod requirements with JCE.
Only cover the minimum bandwidth for each SCS for BS PUSCH demod requirements with JCE.
1.1.1 Antenna configuration for BS PUSCH demod requirements with JCE
	· Candidate options:
· Option 1: 1T2R for FR1 and FR2
· Option 2: Cover 2Rx 4Rx and 8Rx for FR1
· Recommended in the second round
· As a compromise for all companies, can we agree the following
· Only cover 1T2R for TBoMS
· Cover 2/4/8 Rx for PUSCH JCE



From verification of JCE feature point of view, it is enough to only consider 1T2R. 4Rx and 8Rx has been verified in Rel-15, it is not necessary to define requirements for 4Rx/8Rx antenna configuration for BS JCE PUSCH demod requirements. Also test effort and simulation effort can be reduced by only defining 1T2R requirements.
Only consider 1T2R for BS PUSCH demod requirements with JCE.
1.1.2 Additional DM-RS position for BS PUSCH demod requirements with JCE
	· Candidate options:
· Option 1: DMRS 1+1
· Option 2: Use both DMRS 1+1 and DMRS 1+0
· Option 3: DMRS 1+0
· Agreement in the second round:
· Make decision on this issue in the next meeting.
· Encourage companies to bring simulation results for both DMRS1+1 and DMRS1+0 for the next meeting



From our point of view, with JCE enabled scenario, the additional DMRS cannot improve performance obviously since that there are already more than one DMRS in different slots used for channel estimation. In addition, as per simulation results in clause 3, DMRS 1+1 has nearly same performance as DMRS 1+0 for PUCCH JCE but with more resource overhead. Also to reduce the test effort, we prefer to only consider the typical DMRS 1+0 configuration for BS PUSCH demod requirements with JCE.
Only consider the typical DMRS 1+0 configuration for BS PUSCH demod requirements with JCE.
1.1.3 Phase offset modelling and CFO modeling
	[bookmark: _Hlk110335170]Phase offset modelling for BS PUSCH demod requirements with JCE
· Use ideal phase modelling for the PUSCH JCE test and choose one of the following
· Option 1: companies can consider the phase offset in the impairment results
· Option 2: Phase offset model will be covered by TE side in the test uncertainty
[bookmark: _Hlk110335778][bookmark: _Hlk103816050]CFO modeling for the JCE simulation
· Agreement in the second round:
· Do not consider CFO modelling for the PUSCH JCE test and choose one of the following
· Option 1: companies can consider the CFO impact in the impairment results.
· Option 2: CFO impact will be covered by TE side in the test uncertaint



Usually, RAN4 consider Tx error in test uncertainty and consider Rx error in impairment results. So we think it is more proper to consider phase offset by test uncertainty and consider CFO by impairment results.
Cover phase offset impact by test uncertainty and cover CFO by impairment results for BS PUSCH demod requirements with JCE.
Proposals
In this contribution, we discuss on BS PUSCH demodulation requirements for coverage enhancement. Our observations and proposals are:
1. Limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1.
Introduce manufacture declaration with corresponding SCS for PUSCH TBoMS, such as following:
	Declaration identifier
	Declaration
	Description

	D.xxx
	SCS for PUSCH TBoMS
	Declaration of supported SCS for PUSCH TBoMS, i.e. {15kHz, 30kHz, 60kHz 120kHz}



Only define 1T2R requirements for TBoMS PUSCH.
Use DSUUU pattern for JCE feature. Extra note should be added for DSUUU pattern that PUCCH/PUSCH is not transmitted in either the first or the last ‘U’ slot.
The requirement defined for each SCS can be applicable for other TDD patterns with same number of physical consecutive slots (aTDW length).
Use the following wording for supporting JCE with corresponding SCS:
	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}



Only cover the minimum bandwidth for each SCS for BS PUSCH demod requirements with JCE.
Only consider 1T2R for BS PUSCH demod requirements with JCE.
Only consider the typical DMRS 1+0 configuration for BS PUSCH demod requirements with JCE.
Cover phase offset impact by test uncertainty and cover CFO by impairment results for BS PUSCH demod requirements with JCE.
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