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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90, new WID on NR coverage enhancement was approved [1]. The following issues are going to be discussed for PUSCH.
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



Joint channel estimation over multiple PUSCH transmissions
Most of the discussions on joint channel estimation over multiple PUSCH transmissions assume same PUSCH repetitions. However, different PUSCH transmissions can also be jointly estimated. Even they may carry different TBs, or having different antenna ports etc., some extra performance gain can still be expected for jointly estimation in some degree. From our perspective, most of the work can be left for gNB implementation. Only the issue like unbalanced DMRS could cause specification impact, which will be discussed in next section.
Proposal 1. Most of the work can be left to gNB implementation for joint channel estimation over multiple PUSCH transmissions

Unbalanced DMRS issue
	Agreements: Capture the followings into the TR
· DM-RS balancing among frequency hops was studied. Potential specification impacts include:
· Related signaling design, DMRS configuration and pattern.


[image: ]
Fig.1 DMRS unbalanced issue
In Rel-15/16, for PUSCH mapping type A, if high layer parameter configures dmrs-AdditionalPosition= pos1 together with =5, 6 or 7, the number of DMRS symbols in second hop of PUSCH is larger than 1st hop’s. As highlighted in Table-1, there are 3 cases causing such issue. Such unbalanced DMRS issue may not be serious for legacy transmission, but for joint channel estimation the performance bias between two hops inevitably impacts the transmission performance. 

Table 1: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping enabled. 
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	-
	-
	-
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	4
	2
	0
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	0
	3
	0
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	5, 6
	2
	0
	2
	0, 4
	3
	0
	3
	0, 4
	0
	0
	
	0, 4

	7
	2
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	2, 6
	0, 4
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	0
	3
	0, 4
	0
	0
	
	0, 4


It is better to avoid the unbalanced cases. Basically, at least two options are available, listed below:
· Opt-1: Replace the unbalanced DMRS pattern by balanced pattern
· Opt-2: Up to gNB to guarantee no appearance of unbalanced DMRS pattern under coverage enhancement mode
Proposal 2. Some studies needs to be done to avoid the unbalanced DMRS issue, at least the following two solutions can be considered:
· Opt-1: Replace the unbalanced DMRS pattern by balanced pattern
· Opt-2:Up to gNB to guarantee no appearance of unbalanced DMRS pattern under coverage enhancement mode
Increase the hopping number for PUSCH repetition type A
Both intra-/inter-slot hopping are supported in Rel-15/16. Nevertheless, the hopping is quite simple where at most 2 different hopping positions are supported. Increasing hopping position may be beneficial to acquire frequency selective gain. Our preference is to increase the number of hopping positions both for the intra-slot and inter-slot hopping.
As shown in Fig.2, it is an example of 4 frequency position hopping for a 14-symbol length PUSCH. The 14 symbols are divided into four parts, each of which occupies different frequency position.


Fig.2 Intra-slot hopping for PUSCH enhancement
Similarly, we can also increase the number of hopping positions for inter-slot hopping case shown in Fig.3. Besides, considering the benefit of DMRS bundling, several continuous repetition can be viewed as a group and share the same frequency location.


Fig.3 Inter-slot hopping for PUSCH enhancement
Proposal 3. For both inter/intra-slot hopping, the supported PUSCH hoping positions/number should be increased, e.g., 4, 8, etc. 
Conclusions
In this contribution, we have the following proposals:
Proposal 1. Most of the work can be left to gNB implementation for joint channel estimation over multiple PUSCH transmissions
Proposal 2. Some studies needs to be done to avoid the unbalanced DMRS issue, at least the following two solutions can be considered:
· Opt-1: Replace the unbalanced DMRS pattern by balanced pattern
· Opt-2:Up to gNB to guarantee no appearance of unbalanced DMRS pattern under coverage enhancement mode
Proposal 3. For both inter/intra-slot hopping, the supported PUSCH hoping positions/number should be increased, e.g., 4, 8, etc. 
References
[bookmark: _Ref167612671]RP-202928: “New WID on NR coverage enhancements”, Electronic Meeting, December 7-11, 2020.
[bookmark: _GoBack]3GPP TS 38.211: “NR; Physical channels and modulation”.
oleObject1.bin

image3.emf
1 slot

1

st

 Hop

2

nd

 Hop

3

rd

 Hop

4

th

 Hop

PUSCH


Microsoft_Visio___.vsdx
1 slot
1st Hop
2nd Hop
3rd Hop
4th Hop

PUSCH



image4.emf
1 slot

1

st

 Hop

1 slot

2

nd

 Hop

1 slot

3

rd

 Hop

1 slot

4

th

 Hop

PUSCH


Microsoft_Visio___1.vsdx
1 slot
1st Hop
1 slot
2nd Hop
1 slot
3rd Hop
1 slot
4th Hop

PUSCH



image1.emf
1

st

 Hop

2

nd

 Hop

1

st

 Hop

2

nd

 Hop

1 slot


image2.wmf
l


