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In RAN1#105-e meeting, coverage enhancement on joint channel estimation for PUSCH was extensively discussed. The following agreements which need further study were achieved [1]:
	Agreement:
· Definition of the maximum duration: a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. 
· FFS whether or not such a definition is necessary for RAN1 specifications.
· Note: whether such a definition is to be specified in RAN4 specifications is up to RAN4.
· FFS the maximum duration may be reported by UE.
· Note: it is understood that for a UE, the maximum duration is no less than the time domain window duration

Agreement:
· Joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration for a UE
· FFS: whether additional dynamic signaling is needed to enable/disable joint channel estimation for PUSCH transmissions
· Note: the enabling of such a feature is subject to certain prerequisites
· FFS RRC parameter details (including explicit vs. implicit configuration)
· FFS For joint channel estimation for PUSCH, the time domain window is not explicitly enabled or disabled separately from joint channel estimation.
Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

Agreement:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitons of the same TB, down select one of the following alternatives for the time domain window.
· Alt 1: All the repetitions are covered by one single time domain window
· The start of the window is the first PUSCH transmission
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum
· FFS: frequency hopping and precoder cycling
· Alt 2: All the repetitions are covered by one or multiple time domain windows
· For the start of each window,
· The start of the first window is the first PUSCH transmission.
· FFS: how to determine the start of other windows, e.g., whether multiple windows are consecutive or non-consecutive, whether the start of the window depends on DL/UL configuration for unpaired spectrum
· For the length of each window,
· FFS Each window consists of at least two adjacent physical slots for UL transmission.
· The length of each window is no longer than the maximum duration.
· FFS: how to determine the length of each window
· FFS: whether the length of each window depends on DL/UL configuration for unpaired spectrum
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
· FFS: frequency hopping and precoder cycling
· Other alternatives are not precluded.


In this contribution, FFS points in the above agreements and some other issues about joint channel estimation are discussed.

Discussion
Potential use cases for joint channel estimation 
For PUSCH transmissions (of the same TB) for repetition Type B across consecutive slots, it has been agreed to be supported if it only reuses those joint channel estimation specification enhancements defined to support repetition Type A. However, we are confused since the ‘reuse range’ is unclear. Whether it includes the determination of time domain window, the bundle size of inter-slot frequency hopping or something else needs further clarification. 
Proposal 1: The details of reusing repetition Type A scheme for repetition Type B need to be further clarified.

The time window of joint channel estimation
The maximum duration
The concrete size of the maximum duration would be discussed up to RAN4. It is not necessary for RAN1 to specify a definition of the maximum duration. However, if there are more than one candidate values of the maximum duration determined by RAN4, UE should report one of the maximum durations used as a reference for gNB when configuring the time domain window size.
Observation 1: Whether the maximum duration should be reported by UE or not is up to the number of the maximum duration determined by RAN4.

The signalling of joint channel estimation
Similar to DMRS bundling across PUCCH repetitions, it was agreed to enable or disable the joint channel estimation for PUSCH transmission at least via RRC configuration during last meeting.
One of the remaining issues is how to configure the enabling/disabling of joint channel estimation. Explicit configuration is a relatively simple method, e.g. introducing a new IE in PUSCH-Config. On the other hand, implicit method can also be taken into configuration. For example, joint channel estimation for PUSCH transmissions is enabled as long as any related parameter is configured, such as time domain window size. Both explicit and implicit enabling are workable.
In addition, we prefer that the time domain window is jointly enabled or disabled with DMRS bundling/joint channel estimation simultaneously. A gNB is still unable to perform the joint channel estimation if the time domain window is enabled while the DMRS bundling is disabled. Hence, this configuration combination does not make any sense, and vice versa.
Proposal 2: The time domain window is jointly enabled or disabled with DMRS bundling/joint channel estimation simultaneously.

The unit of the time domain window
	· FFS the units the time domain windown (e.g. repetitions, slots, and/or symbols)
· FFS : association between the potential use case(s) and units of the time window



PUSCH repetition Type A and TBoMS would be scheduled over a set of slots. As to PUSCH transmissions of different TBs across consecutive slots, if agreed, data processing is also based on the unit of slot. For PUSCH repetition Type B, the time domain window size can be down to a minimum of one slot to support joint channel estimation across different repetitions. In summary, the simplest choice is to use ‘slot’ as the unit of the time domain window for different PUSCH transmission.
Proposal 3: The unit of the time domain window for different PUSCH transmissions can be uniformly defined by slot.

The number of the time domain window
It was agreed to down select one of the alternatives for the time domain window in RAN1#105-e meeting. 
	· Alt 1: All the repetitions are covered by one single time domain window
· Alt 2: All the repetitions are covered by one or multiple time domain windows



For alt 1, the duration of the single time domain window from the first repetition to the last repetition may be larger than the maximum duration in both paired and unpaired spectrum, which is opposite to the definition of the maximum duration. Hence, it seems more reasonable to further discuss the details of alt 2. 
Proposal 4: All the repetitions can be covered by one or multiple time domain windows.
The start of each window may be impacted by many factors. On the paired spectrum, it is intuitionistic for all the repetitions to be covered by multiple consecutive windows according to a configured time domain window size. However, if other UL signal(s)/channel(s) are transmitted in-between the PUSCH repetitions which damage the power consistence or phase continuity, the original windows may not be suitable to perform the joint channel estimation. Whether/How to restart a new window from the breakpoint can be further discussed. In addition, in the inter-bundling hopping case, the hopping point also destroys the phase continuity, where the time domain window may need to restart. 
Proposal 5: On the paired spectrum, the start point and the length of the windows should take into consideration the breakpoint of phase continuity. 
On the other hand, on the unpaired spectrum, considering the number of consecutive UL slots may be different between two TDD UL-DL patterns which are configured by tdd-UL-DL-ConfigurationCommon, the best performance of joint channel estimation can be obtained by the varying time domain window size according to the TDD structure. At this time, the start point and the length of each window can depend on the DL/UL configuration for unpaired spectrum. In addition, the time domain window size should still be subject to the UE capability. At the same time, the breakpoints of phase continuity in the paired spectrum should be considered too.
Proposal 6: On the unpaired spectrum, the start point and the length of the windows should at least depend on the DL/UL configuration.

Inter-slot frequency hopping with inter-slot bundling
Frequency hopping will result in a random phase rotation between the two hops [2], which does not meet the requirement of phase continuity for DMRS bundling. Hence, new frequency hopping pattern is necessary to support the mechanism, such as inter-bundling frequency hopping.
The relationship between the bundle size and the time domain window size has been preliminarily discussed during RAN1 #104bis-e meeting. There are two options captured in the agreement for further study [3].
	· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.



A time domain window is defined as during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions. Hence, if the bundling size is larger than the window size, there is no guarantee that all of the PUSCH transmissions in a bundling can meet the requirements for joint channel estimation. On the other hand, according to the simulation results in [4][5], the larger bundling size is, the more performance gain from joint channel estimation can be achieved compared with diversity gain from inter-slot frequency hopping. Therefore, a UE can obtain the best performance when the bundling size is equal to the time domain window size. An example is shown in Figure 1 when both the bundling size and the time domain window size equal to 2 slots.


[bookmark: _Ref71567858]Figure 1: Inter-slot frequency hopping pattern with time window size equals to 2 slots.
Meanwhile, allowing the bundling size smaller than the time domain window size can improve the flexibility and the performance in some cases. For instance, if the time domain window size is 4 slots, and if the repetition number is also 4 slots, no inter-slot hopping (with slot bundling) can be performed if the bundling size is strictly equal to the time domain window size. However, the transmission of ‘2 slots bundling + hopping’ may outperform the transmission of ‘4 slots bundling’ due to the frequency diversity gain. Hence, it is worth to consider the case in which the bundling size is smaller than the time domain window size.
Proposal 7: For inter-slot frequency hopping with inter-slot bundling, the bundle size can be smaller than or equal to the time domain window size.
Another issue is how to indicate UE to adopt the inter-slot frequency hopping with inter-slot bundling. One straightforward method is to add a candidate option in PUSCH-config when configuring the frequency hopping method. Or, a UE can be implicitly indicated to enable the inter-bundling hopping when the UE is configured with RRC parameters related to joint channel estimation, e.g. enabling/disabling joint channel estimation and/or time domain window size. Since the other design of the joint channel estimation is still under discussion, this issue can be further studied.
Proposal 8: Further study how to indicate UE to adopt the inter-slot frequency hopping with inter-slot bundling.

Conclusion
In this contribution, we share our views on PUSCH coverage enhancement on joint channel estimation. The observation and proposals are summarized as follows:
Observation 1: Whether the maximum duration should be reported by UE or not is up to the number of the maximum duration determined by RAN4.
Proposal 1: The details of reusing repetition Type A scheme for repetition Type B need to be further clarified.
Proposal 2: The time domain window is jointly enabled or disabled with DMRS bundling/joint channel estimation simultaneously.
Proposal 3: The unit of the time domain window for different PUSCH transmissions can be uniformly defined by slot.
Proposal 4: All the repetitions can be covered by one or multiple time domain windows.
Proposal 5: On the paired spectrum, the start point and the length of the windows should take into consideration the breakpoint of phase continuity. 
Proposal 6: On the unpaired spectrum, the start point and the length of the windows should at least depend on the DL/UL configuration.
Proposal 7: For inter-slot frequency hopping with inter-slot bundling, the bundle size can be smaller than or equal to the time domain window size.
Proposal 8: Further study how to indicate UE to adopt the inter-slot frequency hopping with inter-slot bundling.
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