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1	Introduction
In the previous RAN4 meeting, it was agreed to introduce PUSCH demodulation requirement with TBoMS and JCE. The detail simulation assumptions for each requirement were discussed to facilitate the requirement definition. The related agreement was captured into the WF [1] as
In this contribution, the view on the remaining issue of test setup of PUSCH requirement for Rel-17 coverage enhancement was provided.
2	PUSCH enhancements
In this section, the potential performance requirement impacts for sub-objective of coverage enhancement are analyzed. 
2.1 Test requirement discussion scope for FR2
The following is the agreement in the last meeting
	· 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



In Rel-17, Coverage enhancement and FR2-2 are different WIs, The UE feature and numerology are different. It is impossible to combine them together, since there are many unclear issues need to be investigated. Meanwhile, based on the RF core part discussion, there is no conclusion for DMRS bundling applied in FR2-2.  Considering the tight meeting plan, RAN4 should limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1.
Proposal 1: RAN4 should Limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1.

2.2 PUSCH with Joint Channel Estimation 
During the last meeting, the initial test setup for PUSCH with JCE are under discussion with following 
TDD UL-DL pattern
The following is the agreement in the last meeting
	· 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



Our preference is that no requirement for other SCS excepting for 15KHz SCS, only 1 UL slot is available based on existing TDD pattern, which is commonly used in existing network. To make progress, we can compromise to define requirement with new defined TDD pattern.  Regarding the exactly TDD patten, we are open to further discussion, while some input from operator is needed, which will deploy them in the practical scenario.
In general, we are fine to define requirement with new TDD pattern to guarantee 2 continue slots are available. TDD pattern 7D1S2U can be used for 15KHz SCS, and TDD pattern DDSUU can be used for 60KHz and 120KH SCS.
Regarding the manufacture declaration support for JCE, JCE is an optional feature, whether to support it should be based on BS manufacture declaration. As mentioned, current. Therefore, BS manufacture is needed. 
Proposal 2:  Define PUSCH requirement with JCE with TDD pattern as following if needed
· FR1 15KHz SCS: 7D1S2U, S=6D:4G:4U
· FR2 60/120KHz SCS: DDSUU, S=10G:2G:2U
Introduce BS manufacture declaration with 
	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}


Introduce JCE test applicability rule for different TDD patterns for each SCS as
· The requirement defined for each SCS can be appliable for other TDD patterns with same number of physical consecutive slots (aTDW)

PRB number for BS PUSCH demod requirements with JCE
The following is the agreement in the last meeting
	· Cover the minimum bandwidth for JCE
· FFS on whether to cover the largest CHBW for each SCS and interested companies can bring simulation results for the largest CHBW



Regarding the number of PRB for JCE, there is no different processing foreseen with different PRB for JCE. The motivation of introducing JCE in RAN1 is to improve channel estimation accuracy performance, especially for low SNR condition with limited number of RB for noise reduction operation. With large number of RB, the gain coming from JCE is limited, which will result in that it is difficult to verify the JCE implementation. 
Meanwhile, from JCE test purpose perspective, defined requirement with minimum channel bandwidth can fulfill. 
Therefore, considering the test effort and typical scenario for JCE, we prefer to define PUSCH requirement with JCE with covering the minimum bandwidth of each SCS
Proposal 3: Only cover the minimum bandwidth of each SCS for requirement of JCE
Additional DM-RS position for JCE
The following is the agreement in the last meeting
	· Option 1: DMRS 1+1
· Option 2: Use both DMRS 1+1 and DMRS 1+0 
· Option 3: DMRS 1+0



The motivation of introducing JCE in RAN1 is to improve channel estimation accuracy performance with allowing channel estimation can be performed across subframe. With more DMRS configuration, it can be benefit for channel estimation performance, especially for time-varying with high Doppler scenario. The number of configured DMRS pending on the channel condition. As agreed TDA30-10 is selected for requirement definition, it is not necessary to configure with two DMRS symbols.  Therefore, we prefer to define PUSCH requirement with JCE under only 1 DMRS configuration. DMRS 1+0 is slightly preferred
Proposal 4: Configure 1+0 for PUSCH requirement with JCE
Phase offset modelling for BS PUSCH demod requirement with JCE 
The following is the agreement in the last meeting
	· Use ideal phase modeling for 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



For the final requirement, phase offset impact will be considered into the impairment result. At current stage,  it is unclear how the phase noise model impact the MU and TT, given there is no input from TE side about the phase offset model in the last meeting, it is more preparable to consider the phase offset in the impairment results considering the tight schedule. 
Proposal 5: Consider the phase offset impact into the impairment results.
CFO modeling for JCE 
	· 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 uncertainty 




Similar as phase noise modeling, we prefer to consider the impact of CFO in the impairment results.
Proposal 6: Consider CFO impact into the impairment results.
Number of HARQ process
HARQ process number is still open for PUSCH with JCE requirement in FDD and TDD. In LTE, the round-trip time and HARQ process ID for LTE TTI bungling is defined as following table 
	Parameter
	Value

	Number of TTIs for a TTI bundle
	4

	RV sequence for 4 TTIs within a TTI bundle
	0, 2, 3, 1

	HARQ round trip time
	12 ms

	Maximum number of HARQ 
transmissions for a TTI bundle
	5




For Rel-16 URLLC, we have the similar discussion, where the number of TTI for PUSCH mapping type A repetition is 2, considering the HARQ round trip time is 8 ms for FDD, then 4 HARQ processes is considered.  As agreed, the actual TDW length for JCE is 8 for FDD, and the PUSCH repetition number is same as actual TDW length. With lager number of HARQ process, the baseband process time and buffer length will be increased. As shown in Fig, we can observe using 2 HARQ processes for FDD and TDD, is possible for scenarios with PUSCH repetition and actual TDW as 8
 [image: ]
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Proposal 7: Define PUSCH with JCE requirement with number of HARQ process as 2 both FDD and TDD

3	Initial simulation results 

In this section, based on the agreed simulation assumption in the last meeting, the initial simulation results are provided for simulation alignment purpose.
Table 1. Ideal simulation results for PUSCH with JCE
	Case
	SCS
	slot
	BW
	Mapping type 
	Tx/Rx
	DMRS
	MCS
	Channel
	Length
	SNR(70%)

	1
	15KHz SCS FDD
	8 slots
	5MHz
	Type A
	1T2R
	1 +0 (2)
	MCS4 
	TDLA30-10 
	14
	-8.24

	2
	15KHz SCS FDD
	8 slots
	5MHz
	Type A
	1T2R
	1 +1 (2, 11)
	MCS4
	TDLA30-10 
	14
	-8.59

	3
	15KHz SCS FDD
	8 slots
	5MHz
	Type B
	1T2R
	1+0 (0) 
	MCS4 
	TDLA30-10 
	14
	-8.24

	4
	15KHz SCS FDD
	8 slots
	5MHz
	Type B
	1T2R
	1+1 (0,10) 
	MCS4 
	TDLA30-10 
	14
	-8.59

	5
	30KHz SCS FDD
	8 slots
	10MHz
	Type A
	1T2R
	1 +0 (2,)
	MCS4 
	TDLA30-10 
	14
	-8.71

	6
	30KHz SCS FDD
	8 slots
	10MHz
	Type A
	1T2R
	1 +1 (2, 11 )
	MCS4
	TDLA30-10 
	14
	-9.01

	7
	30KHz SCS FDD
	8 slots
	10MHz
	Type B
	1T2R
	1+0 (0,) 
	MCS4 
	TDLA30-10 
	14
	-8.73

	8
	30KHz SCS FDD
	8 slots
	10MHz
	Type B
	1T2R
	1+1 (0,10) 
	MCS4 
	TDLA30-10 
	14
	-9.03

	9
	30KHz SCS TDD
(7D1S2U, S=6D:4G:4U)
	2 slots
	10MHz
	Type A
	1T2R
	1 +0 (2,)
	MCS4 
	TDLA30-10 
	14
	-2.48

	10
	30KHz SCS TDD
(7D1S2U, S=6D:4G:4U)
	2 slots
	10MHz
	Type A
	1T2R
	1 +1 (2,11 )
	MCS4
	TDLA30-10 
	14
	-2.77

	11
	30KHz SCS TDD(7D1S2U, S=6D:4G:4U)
	2 slots
	10MHz
	Type B
	1T2R
	1+0 (0,) 
	MCS4 
	TDLA30-10 
	14
	-2.48

	12
	30KHz SCS TDD
(7D1S2U, S=6D:4G:4U)
	2 slots
	10MHz
	Type B
	1T2R
	1+1 (0,10) 
	MCS4 
	TDLA30-10 
	14
	-2.77

	13
	15KHz SCS TDD (7D1S2U, S=6D:4G:4U)
	2 slots
	5MHz
	Type A
	1T2R
	1 +0 (2,)
	MCS4 
	TDLA30-10 
	14
	-2.28

	14
	15KHz SCS TDD (7D1S2U, S=6D:4G:4U)
	2 slots
	5MHz
	Type A
	1T2R
	1 +1 (2,11 )
	MCS4
	TDLA30-10 
	14
	-2.51

	15
	15KHz SCS TDD (7D1S2U, S=6D:4G:4U)
	2 slots
	5MHz
	Type B
	1T2R
	1+0 (0,) 
	MCS4 
	TDLA30-10 
	14
	-2.26

	16
	15KHz SCS TDD (7D1S2U, S=6D:4G:4U)
	2 slots
	5MHz
	Type B
	1T2R
	1+1 (0,10) 
	MCS4 
	TDLA30-10 
	14
	-2.51

	17
	60KHz SCS TDD (7D1S2U, S=6D:4G:4U)
	2 slots
	50MHz
	Type B
	1T2R
	1 +1 (0,10)
	MCS4
	TDLA30-75 
	14
	-2.48

	18
	120KHz SCS TDD (7D1S2U, S=6D:4G:4U)
	2 slots
	50MHz
	Type B
	1T2R
	1+1 (0,10) 
	MCS4 
	TDLA30-75 
	14
	-2.50



3	Conclusion
In this contribution, the view on the remaining issue of PUSCH requirement is provided. Meanwhile, initial simulation results are provided for alignment.
Proposal 1: RAN4 should Limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1.
Proposal 2:  Define PUSCH requirement with JCE with TDD pattern as following if needed
· FR1 15KHz SCS: 7D1S2U, S=6D:4G:4U
· FR2 60/120KHz SCS: DDSUU, S=10G:2G:2U
Introduce BS manufacture declaration with 
	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}


Introduce JCE test applicability rule for different TDD patterns for each SCS as
· The requirement defined for each SCS can be appliable for other TDD patterns with same number of physical consecutive slots (aTDW)

Proposal 3: Only cover the minimum bandwidth of each SCS for requirement of JCE
Proposal 4: Configure 1+0 for PUSCH requirement with JCE
Proposal 5: Consider the phase offset impact into the impairment results.
Proposal 6: Consider CFO impact into the impairment results.
Proposal 7: Define PUSCH with JCE requirement with number of HARQ process as 2 both FDD and TDD
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