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1 Introduction
During the RAN# 90e meeting, the WI on coverage enhancement was agreed with the following objectives[1]. 
	· 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]
· Specification of PUCCH enhancements [RAN1, RAN4]

· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs is to be ensured.

· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



In this contribution, we will share our consideration on the mechanism to enable joint channel estimation. 
2 Discussion
2.1 Discussion on performance and granularity of Joint channel estimation
During the SI phase, several solutions related to DMRS were proposed to improve the coverage performance of PUSCH, such as joint channel estimation or DM-RS bundling, enhancements on DM-RS density, adaptive configuration, and DM-RS balancing among frequency hops. Among them, joint channel estimation is considered as one of the highest priority solutions. gNB does channel estimation based on DMRSs in consecutive or non-consecutive transmissions, which can improve the accuracy of channel estimation without increasing DMRS overhead. 
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Figure 1-3 show the link level simulations about the joint channel estimation with single DMRS symbol, low mobility, and consecutive transmissions. Other detail assumptions are listed in the annex. We compared the performance of joint channel estimation with different granularity under different numbers of repetitions, e.g. 4, 8, 16. It is better to find a proper granularity for joint channel estimation through comparing the results of simulation, taking the performance and the overhead into consideration. 
 Figure 1 Performance of joint channel estimation with 4 repetitions
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Figure 2 Performance of joint channel estimation with 8 repetitions
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Figure 3. Performance of joint channel estimation with 16 repetitions

Table 1. Summary of the performance gain
	TBS
	2664
	1800

	Granularity
	single
	2
	4
	8
	single
	2
	4
	8

	TransNum=4
	0
	0.6
	0.9
	/
	0
	0.3
	0.8
	/

	TransNum=8
	0
	0.7
	1.2
	1.55
	0
	0.7
	1.1
	1.6

	TransNum=16
	0
	1.5
	2.7
	2.9
	0
	1.2
	2.6
	2.8


The performance gain was summarized in table 1. It is observed that the performance improvement of joint channel estimation is remarkable with increasing number of repetitions. And it can be find that the granularity of joint channel estimation is not as larger as better. There is 1.2 dB gain under 16 repetitions can be obtained when increasing the granularity from 2 to 4; while joint channel estimation under 8 repetitions only provides extra 0.2 dB gain compared with 4 repetitions.
Observation 1: The performance improvement of joint channel estimation is remarkable with increasing number of repetitions.
Observation 2: There is 1.2 dB gain under 16 repetitions can be obtained when increasing the granularity from 2 to 4; while joint channel estimation among 8 repetitions only provides extra 0.2 dB gain compared with 4 repetitions.

Proposal 1: At least one proper granularity need to be defined if joint channel estimation is supported.
2.2 Phase continuity and power consistency
Although joint channel estimation do make benefit to coverage enhancement, the effect of such mechanism depends on the phase continuity and power consistency. Given that current scheme of power control and relevant adjustment are performed each transmission, the continuity cannot be guaranteed.
One possible way is, if joint channel estimation mechanism is activated, UE keep the power of relevant repetitions among which to do the joint channel estimation unified. Another method is to tracking the phase by gNB. Some signals like PT-RS can be distributed cross consecutive transmissions to help find out the phase discontinuity variation. 

Proposal 2: Support select one way mentioned above to solve the issue of phase discontinuity varication.
2.3 DMRS location/granularity in time domain
In order to enhance the coverage of the uplink PUSCH channel, some schemes related to DMRS location/granularity in time domain should be taken into consideration. On the one hand, low-density DMRS schemes can save more resources and transmit power for data transmission, consequently improve the throughput performance of PUSCH. On the other hand, high-density DMRS schemes can improve the accuracy of channel estimation, which also has benefit to performance of PUSCH. In order to balance above conflicting requirements in different scenarios, diverse DMRS patterns and adaptive configuration of DMRS should be supported.

After designing and supporting more DMRS patterns with different granularity and density, we suggest that each gNB can configure and maintain a DMRS table through RRC, like TDRA table, in which a type of DMRS configuration per row includes the DMRS location, granularity, symbols, index and so on. An example was shown in table 1. Then, UE could choose the best DMRS pattern adaptively through DCI indication depend on link quality in different scenarios to achieve the best transmission and coverage performance.
Tabel 1: An example of DMRS configuration table

	index
	symbols
	Time domain location
	Frequency location
	Bundling granularity

	0
	1
	0
	1,3,5,7,9,11
	4 slots

	1
	1
	0,5,10
	1,3,5,7,9,11
	2 slots

	2
	2
	2,4
	1,2,7,8
	4 slots

	4
	2
	2,4,7
	1,2,7,8
	2 slots

	……
	……
	……
	……
	……


Proposal 3: Support maintain a DMRS configuration table containing more diverse DMRS patterns for dynamically indication and adaptive configuration
3 Conclusion
In this contribution, we discuss the mechanism of joint channel estimation, based on the discussion, our views are summarized as follows
Observation 1: The performance improvement of joint channel estimation is more remarkable with increasing number of repetitions.
Observation 2: When the transmission number is 16, it is about 1.2 dB gain can be obtained when increasing the granularity from 2 to 4; while joint channel estimation among 8 repetitions only provides extra 0.2 dB gain compared with 4 repetitions.

Proposal 1: It is proposed to define a proper granularity if joint channel estimation is introduced.
Proposal 2: It is proposed to select one way mentioned above to solve the issue of phase discontinuity varication.

Proposal 3: Support maintain a DMRS configuration table containing more diverse DMRS patterns for dynamically indication and adaptive configuration
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Annex 
Table2  Simulation assumption
	Parameters
	Value

	System bandwidth
	100MHz

	Carrier Frequency
	4 GHz,

	Number of symbols for slot
	14

	Number of DMRS symbol
	1

	Subcarrier spacing
	30KHz

	MCS
	MCS=0/1

	Channel coding
	LDPC code 

	Transmission scheme
	1-port transmission diversity

	Channel estimation
	Realistic, LMMSE

	Noise estimation
	IDEAL

	Detection method
	MMSE

	Channel model
	TDL-C 300ns

	UE relative speed
	3km/h

	Number of UE antennas
	4Tx

	Number of receive chains
	1


