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[bookmark: _GoBack]Introduction
[bookmark: _Hlk22834419]The NR coverage enhancement WI was approved in RAN#90-e [1] and the objective for joint channel estimation is captured 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]


This contribution discusses enhancements on joint channel estimation over multiple PUSCH transmissions.
Discussion
In RAN1#103-e [2], PUSCH was identified as 1st priority of bottleneck channels in both FR1 and FR2. The PUSCH repetition for coverage enhancement can provide the (almost) linear Rx energy gain in case of accurate channel estimates. However, the combining performance with PUSCH repetitions depends on the channel estimation accuracy especially at low SNRs since the channel estimates are severely degraded. Therefore, it is crucial to employ techniques that improve the channel estimation accuracy in case of PUSCH repetitions for coverage enhancements. To improve the channel estimation accuracy, joint channel estimation over multiple PUSCH transmissions (repetitions) is included in the WID. To enable such joint channel estimation, it is required to preserve power consistency and phase continuity over multiple PUSCH transmissions (repetitions). Correspondingly, UL power control and precoding aspects need to be considered to enable the joint channel estimation functionality.
Power consistency and phase continuity
In Rel-13 LTE MTC, power consistency and phase continuity were already discussed [3], we can reuse the RAN4’s response in case of joint channel estimation. The conditions such as power consistency and phase continuity should be kept to perform joint channel estimation. In order to preserve power consistency over multiple PUSCH repetitions for joint channel estimation, following UL power control procedure can be considered.

a) Same PUSCH transmission power should be applied within each set of multiple PUSCH repetitions for joint channel estimation. Figure 1 shows a power control method over multiple PUSCH repetitions in case of joint channel estimation. When PUSCH repetitions are divided in sets of 3 PUSCH repetitions for joint channel estimation, different PUSCH transmission powers ( ) were respectively applied within each set of multiple PUSCH repetitions
b) In case of joint channel estimation, a UE does not expect to change the PUSCH transmission power over all repetitions of a PUSCH transmission

Comparing two methods, method a) is more beneficial to optimize PUSCH transmission power in case of joint channel estimation. A reason is that the UE can still be power controlled while all gains from improving channel estimation can be obtained over windows of sets of repetitions as, after a certain time, further DMRS interpolation is not beneficial and can actually be counter-productive due to phase rotation associated with the frequency clock error. The number of repetitions in a set of repetitions can be configured by the network, for example depending on the carrier frequency or the network implementation (e.g. frequency clock drift). 

 
Figure 1. Illustration of power control method over multiple PUSCH repetitions for joint channel estimation

	Proposal 1: UE controls PUSCH transmission power for power consistency in case of joint channel estimation.
		Option 1: UE can apply same PUSCH transmission power over a set of multiple PUSCH repetitions of a PUSCH transmission. 
		Option 2: UE does not expect to change the PUSCH transmission power over all repetitions of a PUSCH transmission. 

Inter-slot frequency hopping with joint channel estimation
In NR Rel-16, it is difficult to combine frequency hopping and joint channel estimation due to the restriction of the frequency hopping when joint channel estimation is applied. As in LTE eMTC, both frequency diversity and channel estimation gain can be obtained if the frequency hopping allows joint channel estimation. Hence, it is desirable to enable inter-slot frequency hopping with joint channel estimation. 
For inter-slot frequency hopping with joint channel estimation, resource mapping or hopping pattern should ensure that multiple PUSCH transmissions for joint channel estimation are located in the same frequency hop. Figure 2 shows the inter-slot frequency hopping pattern in case of joint channel estimation for Option 1 in Proposal 1. For Option 2 in Proposal 1, the frequency hopping can occur after N/2 repetitions of a PUSCH transmission with N repetitions (in order to optimize channel estimation accuracy while obtaining the frequency diversity gains).



Proposal 2: UE performs PUSCH frequency hopping based on the set of multiple PUSCH transmissions for joint channel estimation. The set is either configured by the gNB (option 1) or is equal to N/2 (option 2) for a PUSCH transmission with N repetitions.

Potential optimization for joint channel estimation
When PUSCH repetition type B is configured for coverage enhancements, PUSCH repetitions are scheduled as actual repetitions and DMRS is allocated to the first symbol of each actual repetition. Actual repetitions with short symbols can be transmitted over consecutive available UL symbols because of slot/nominal repetition boundary and invalid symbols. DMRS overhead and non-optimal DMRS mapping can occur over multiple PUSCH repetitions. To optimize the DMRS position in case of PUSCH repetition type B, the following method can be considered.
For PUSCH repetition type B with joint channel estimation, DMRS mapping can be performed based on the total number of symbols within the set of multiple PUSCH repetitions. For example, if two actual repetitions #0, #1 for joint channel estimation are transmitted and the symbol length of each actual repetition is 2 symbols, DMRS mapping can be performed based on actual repetitions with 4 symbols (2 symbol + 2 symbol) in case of joint channel estimation. Also, if two non-consecutive actual repetitions #0, #1 were transmitted, in case of joint channel estimation, DMRS can be mapped based on the sum of actual repetition’s symbols (2 symbol + 2 symbol) and invalid symbol (1 symbol). Figure 3 shows the method of DMRS mapping over consecutive/non-consecutive actual repetitions in case of joint channel estimation.



Figure 3. Illustration of DMRS mapping method in case of joint channel estimation.

Proposal 3: In case of joint channel estimation, UE performs DMRS mapping based on the total number of symbols of multiple PUSCH repetitions.

When PUSCH repetition type B is configured, an actual repetition with a single symbol is omitted except for the case of configured symbol length L=1. It is reasonable to omit because only one of DMRS or PUSCH transmission can be allocated to the actual repetition with single symbol. However, if joint channel estimation over PUSCH repetitions is performed, the actual repetition with single symbol can be allocated with DMRS and/or PUSCH transmission. By allocating additional DMRS and/or PUSCH transmission to actual repetition with single symbol, the performance of channel estimation and energy gain can be improved. 
Figure 4 shows how the actual repetition with single symbol can be allocated with DMRS and/or PUSCH transmission.



Figure 4. Illustration of allocation method on the actual repetition with single symbol

Proposal 4: Available UL symbols (e.g. actual repetitions with single symbol) can be used as PUSCH transmission and/or DMRS in case of joint channel estimation.

Configuration for joint channel estimation
To perform the joint channel estimation with other techniques such as inter-slot frequency hopping, UL power control, optimal DMRS mapping, it is desirable to use the indication to configure the joint channel estimation. The indication for joint channel estimation can consist of several information components, e.g. the number of PUSCH repetitions for joint channel estimation, frequency hopping pattern, etc.

Indicating the number of PUSCH transmissions for joint channel estimation:
The number of PUSCH transmissions can be used as indication value for joint channel estimation. When the number of PUSCH transmissions is configured, UE can decide the set of multiple PUSCH transmissions for joint channel estimation (or the set can also be configured by the gNB). The indication value of the number of PUSCH repetitions can be considered according to PUSCH repetition type as below.
· For PUSCH repetition Type A, indication value is defined as the number of PUSCH repetitions.
· For PUSCH repetition Type B, indication value is defined as the number of nominal/actual repetitions.

Proposal 5: A UE determines the set of repetitions for joint channel estimation, inter-slot frequency hopping, UL power control, and DMRS mapping based on
Option 1: The number of PUSCH repetitions
Option 2: Network configurations by RRC
Conclusion
This contribution discusses the details and techniques for joint channel estimation over multiple PUSCH transmission. The proposals and observations made in this contribution are summarized as below:
Proposal 1: UE controls PUSCH transmission power for power consistency in case of joint channel estimation.
		Option 1: UE can apply same PUSCH transmission power over a set of multiple PUSCH repetitions of a PUSCH transmission. 
	Option 2: UE does not expect to change the PUSCH transmission power over all repetitions of a PUSCH transmission. 
Proposal 2: UE performs PUSCH frequency hopping based on the set of multiple PUSCH transmissions for joint channel estimation. The set is either configured by the gNB (option 1) or is equal to N/2 (option 2) for a PUSCH transmission with N repetitions.
Proposal 3: In case of joint channel estimation, UE performs DMRS mapping based on the total number of symbols of multiple PUSCH repetitions.
	Proposal 4: Available UL symbols (e.g. actual repetitions with single symbol) can be used as PUSCH transmission and/or DMRS in case of joint channel estimation.
Proposal 5: A UE determines the set of repetitions for joint channel estimation, inter-slot frequency hopping, UL power control, and DMRS mapping based on
Option 1: The number of PUSCH repetitions
Option 2: Network configurations by RRC
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