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In RAN#90-e, a new WID on NR coverage enhancements was approved [1]. One objective of the WID is to specify joint channel estimation for PUSCH for both FR1 and FR2 as well as TDD and FDD. The detail objective are as follows:
	· 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]



In this contribution, we provide our views on corresponding enhancements based on the following output achieved in SI phase [2].
	Joint channel estimation or DM-RS bundling with/without optimization of DMRS location/granularity was studied from several aspects, including cross-slot channel estimation over consecutive slots, cross-slot channel estimation over non-consecutive slots, cross-repetition channel estimation within one slot, and inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation. Potential specification impacts of joint channel estimation or DM-RS bundling include: power consistency and phase continuity, DM-RS placement in special slot and DM-RS configuration, Time domain hopping interval for inter-slot frequency hopping with inter-slot bundling.



Discussion 
Inter-slot FH bundling for cross-slot channel estimation
During SI phase, cross-slot channel estimation has been proved beneficial for coverage enhancement due to improved channel estimation accuracy. On top of it, inter-slot FH with inter-slot bundling may provide additional performance gain. Basically, a smaller bundle size could achieve higher diversity gain while a lower joint channel estimation gain and vice versa. To achieve a good balance between FH diversity gain and joint channel estimation gain, the inter-slot FH pattern in the time domain should be studied. 
In Figure 1, different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions are provided. In the example, FDD operation is assumed and the bundling size is one of the divisors of the maximum number of repetitions. 
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Figure 1 Different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions in FDD
In Figure 2, the performance of different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions is provided. 

Figure 2. Performance of different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions
As can be observed in Figure 2, the case with inter-slot FH with inter-slot bundling of size 4 can provide additional 2.66 dB, 1.38dB, 0.88dB and 0.78 dB gain over the case with baseline performance, legacy inter-slot FH, joint channel estimation while no inter-slot FH and inter-slot FH with inter-slot bundling of size 2 respectively in 700MHz rural scenario.
Observation 1: Inter-slot FH with inter-slot bundling to enable joint channel estimation can provide up to 2.66 dB gain for PUSCH with 8 repetitions in 700MHz rural scenario. 
According to Figure 2, the case with FH for only one time, i.e., bundling size 4, provides the best performance. Thus, the bundling size can be implicitly determined by the number of repetitions K, e.g., floor (K/2) or cell(K/2). However, under different scenarios, e.g., different UE speed or different number of receiving antennas, it may need to use different bundling sizes for better performance. Thus, it may also desirable to make the bundling size configurable by RRC or even dynamically indicated by DCI. 


Proposal 1: For the determination of inter-slot bundling size, RAN1 down-selects from the two options below. 
· Option 1: Inter-slot bundling size is implicitly determined by the number of repetitions K, e.g., floor (K/2) or cell(K/2). 
· Option 2: Inter-slot bundling size is RRC configured or dynamically indicated to a UE. 
For TDD operation, joint channel estimation may be only performed among PUSCH transmissions in consecutive UL slots. Depending on TDD configuration and definition of one FH bundle, the inter-slot FH pattern could be different. Take Figure 3 for instance, two inter-slot FH patterns are given based on bundling size of 2, and FH happens between each FH bundle.
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Figure 3 Different inter-slot FH patterns in the time domain for PUSCH with 8 repetitions in TDD, and inter-slot FH bundling size is 2. 
Regarding Pattern 1, the inter-slot FH bundling is based on consecutive slots. That is, one bundle contains consecutive slots which could be either DL or UL slots. For Pattern 2, the inter-slot FH bundling is based on available slots. That is, one bundle can only include the slots for actual PUSCH transmission(s). It seems no much difference among above two patterns, since they all have three hops while joint channel estimation can only be done in one hop. However, there could be differences if different TDD configuration or different bundling size is assumed. As a result, the inter-slot FH bundling pattern for TDD should be further studied. 
Proposal 2: FFS the inter-slot FH bundling pattern for TDD operation. 
Optimization of DMRS location/granularity in the time domain
Potential optimization of DMRS location/granularity in the time domain was discussed in SI phase. For instance, DMRS may only exist in some of the repetitions, i.e., DMRS-less scheme. The main concern in SI study is from the marginal performance gain and potential unmanageable specification impacts. In the following, we first evaluate whether there is clear performance gain for DMRS optimization, and then provide our views for minimizing the specification impacts.
In Figure 4, four DMRS patterns in the time domain for PUSCH with 8 repetitions are provided. 
· DMRS Pattern 1: 1 DMRS symbol in each repetition
· DMRS Pattern 2: 2 DMRS symbols in each repetition
· DMRS Pattern 3: 1 DMRS symbol in every two repetitions 
· DMRS Pattern 4: 2 DMRS symbols in every two repetitions 

[image: ]
Figure 4 Different DMRS patterns in the time domain for PUSCH with 8 repetitions
For above four DMRS patterns, we further evaluate the following cases with or without enabling cross-slot joint channel estimation. 
· Case 1: DMRS pattern 1 w/o joint channel estimation, (Baseline 1), MCS0.
· Case 2: DMRS pattern 2 w/o joint channel estimation, (Baseline 2), MCS1.
· Case 3: DMRS pattern 1 w/ joint channel estimation, w/o DMRS optimization, MCS0.
· Case 4: DMRS pattern 2 w/ joint channel estimation, w/o DMRS optimization, MCS1.
· Case 5: DMRS pattern 3 w/ joint channel estimation, w/ DMRS optimization, MCS0. 
· Case 6: DMRS pattern 4 w/ joint channel estimation, w/ DMRS optimization, MCS0.

Figure 5 Performance of different DMRS patterns in the time domain for PUSCH with 8 repetitions
In our evaluation, a fixed TBS and the same number of RBs are assumed for all above cases. With such assumption, it leads to different MCS for different cases, where MCS1 is assumed for Case 2 and Case 4 and MCS0 for other cases. More detailed simulation assumptions are provided in Table A-2 in the appendix. 
As can be observed in Figure 5, Case 6 can provide additional 2.74 dB, 2.62 dB, 0.56 dB, 0.93 dB and 0.79 dB gain over the Case 1, Case 2, Case 3, Case 4 and Case 5 respectively in 700MHz Rural scenario at target BLER 0.1. That is, DMRS optimization (Case 6) can provide additionally 0.56~0.93 dB gain compared to the cases (Case 3 and Case 4) with enabling joint channel estimation while no DMRS optimization. 
Observation 2: Optimization of DMRS location/granularity in the time domain can provide additionally 0.56~0.93 dB gain compared to the case with enabling joint channel estimation while no DMRS optimization. 
If DMRS optimization is supported, the optimization should be limited to certain UE features to minimize the specification efforts. For instance, DMRS optimization is only applied for PUSCH repetition type A. This could avoid lots of discussion on how to design the DMRS due to different segmentation cases for PUSCH repetition type B. In addition, DMRS pattern should not be changed in each repetition. In other words, it should only focus on DMRS optimization among different repetitions, e.g., DMRS may not present in all repetitions. Other limitations, if any, could also be considered. 
In addition, the above discussed PUSCH repetition bundling for inter-slot FH could be considered to apply for DMRS optimization. For instance, DMRS optimization is based on each bundle, and DMRS pattern is the same among different bundles.  
With discussion above, we have the following proposal. 
Proposal 3: If optimization of DMRS location/granularity in the time domain is supported, the following conditions should be considered to minimize specification impacts. 
· DMRS optimization is only applied for PUSCH repetition type A.
· DMRS pattern in each repetition is not changed. 
· Consider to reuse the repetition bundle defined for inter-slot FH for DMRS optimization. 
Conditions to keep power consistency and phase continuity
In the RAN1#103-e meeting, an LS was approved to ask RAN4 about the conditions to keep power consistency and phase continuity across PUCCH or PUSCH repetitions[3]. Given the reply LS has not been received yet, it is more appropriate to postpone RAN1 related discussion until receiving the reply LS from RAN4. After that, RAN1 can further discuss how to meet the conditions, and corresponding potential RAN1 specification impacts if any. 
Proposal 4: Postpone RAN1 discussion related to the conditions to keep power consistency and phase continuity among repetitions till receiving input from RAN4. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: Inter-slot FH with inter-slot bundling to enable joint channel estimation can provide up to 2.66 dB gain for PUSCH with 8 repetitions in 700MHz rural scenario. 
Proposal 1: For the determination of inter-slot bundling size, RAN1 down-selects from the two options below. 
· Option 1: Inter-slot bundling size is implicitly determined by the number of repetitions K, e.g., floor (K/2) or cell(K/2). 
· Option 2: Inter-slot bundling size is RRC configured or dynamically indicated to a UE. 
Proposal 2: FFS the inter-slot FH bundling pattern for TDD operation. 
Observation 2: Optimization of DMRS location/granularity in the time domain can provide additionally 0.56~0.93 dB gain compared to the case with enabling joint channel estimation while no DMRS optimization. 
[bookmark: _GoBack]Proposal 3: If optimization of DMRS location/granularity in the time domain is supported, the following conditions should be considered to minimize specification impacts. 
· DMRS optimization is only applied for PUSCH repetition type A.
· DMRS pattern in each repetition is not changed. 
· Consider to reuse the repetition bundle defined for inter-slot FH for DMRS optimization. 
Proposal 4: Postpone RAN1 discussion related to the conditions to keep power consistency and phase continuity among repetitions till receiving input from RAN4. 
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Appendix
Table A-1 Simulation assumption for inter-slot FH bundling for cross-slot channel estimation
	Parameter
	Value

	Carrier frequency
	700MHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for Rural scenario

	UE speed
	3 km/h 

	BS antenna configuration
	4 Rx 

	UE antenna configuration
	1 Tx

	System bandwidth
	20 MHz

	Sub-carrier spacing
	15kHz 

	Occupied RB
	4

	MCS
	0

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	2 DMRS symbols

	Number of repetitions
	8 

	Frequency hopping 
	Enabled 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Hopping RB offset
	50RBs offset for inter-slot hopping



Table A-2 Simulation assumption for different DMRS patterns in the time domain
	Parameter
	Value

	Carrier frequency
	700MHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for Rural scenario

	UE speed
	3 km/h 

	BS antenna configuration
	4Rx 

	UE antenna configuration
	1 Tx

	System bandwidth
	20 MHz

	Sub-carrier spacing
	15 kHz 

	Occupied RB
	4

	MCS
	0/1

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	1/2 DMRS symbols

	Number of repetitions
	8 

	Frequency hopping 
	Enabled 

	Channel estimation
	Practical

	Receiver type
	MMSE




Rma_700MHz_O2I
Case 1:DMRS pattern 1 w/o joint channel estimation, (Baseline 1), MCS0	-20	-18	-16	-14	-12	-10	-8	0.95997	0.78143	0.45156	0.17694	0.05284	0.01201	0.0016	Case 2:DMRS pattern 2 w/o joint channel estimation, (Baseline 2), MCS1	-20	-18	-16	-14	-12	-10	-8	0.94876	0.7454	0.40913	0.15773	0.05444	0.01361	0.0016	Case 3:DMRS pattern 1 w/ joint channel estimation, w/o DMRS optimization, MCS0	-20	-18	-16	-14	-12	-10	-8	0.67574	0.34988	0.15052	0.05524	Case 4:DMRS pattern 2 w/ joint channel estimation, w/o DMRS optimization, MCS1	-20	-18	-16	-14	-12	-10	-8	0.77662	0.44916	0.19376	0.06245	0.02162	0	Case 5:DMRS pattern 3 w/ joint channel estimation, w/ DMRS optimization, MCS0	-20	-18	-16	-14	-12	-10	-8	0.73979	0.43155	0.16894	0.06245	0.02162	0.0032	Case 6:DMRS pattern 4 w/ joint channel estimation, w/ DMRS optimization, MCS0	-20	-18	-16	-14	-12	-10	-8	0.63571	0.31785	0.1193	0.04243	0.01121	0	



Rma_700MHz_O2I
8 repetitions baseline	-21	-19.5	-18	-16.5	-15	-13.5	0.95196	0.83026	0.60048	0.35308	0.17374	0.07206	8 repetitions with inter-slot FH	-21	-19.5	-18	-16.5	-15	-13.5	0.96797	0.80945	0.53082	0.2545	0.07766	0.02882	8 repetitions with joint channel estimation	-21	-19.5	-18	-16.5	-15	-13.5	0.75901	0.51962	0.30024	0.14011	0.06565	0.02722	8 repetitions with inter-slot FH bundling size 2 and joint channel estimation in each bundle	-21	-19.5	-18	-16.5	-15	-13.5	0.89752	0.64051	0.39231	0.15052	0.04323	0.01601	8 repetitions with inter-slot FH bundling size 4 and joint channel estimation in each bundle	-21	-19.5	-18	-16.5	-15	-13.5	0.79183	0.52602	0.26021	0.09207	0.03283	0.01201	
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