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Background
In RAN1#105-e meeting, several agreements were made for joint channel estimation for PUSCH. We discuss remaining details of UE procedure.
Time domain window
In RAN1#105-e meeting [1], the following agreements were made for time domain window configuration.
	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.

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





Alt.1 implies that frequency diversity (i.e., frequency hopping)  is not supported for joint channel estimation since the UE is required to maintain phase continuity in all the repetitions. On the other hand, support for frequency hopping is covered by WID. Therefore, Alt.2 should be supported.
Proposal 1: All the repetitions are covered by one or multiple time domain windows.
For a high-speed UE, the gain of joint channel estimation may be limited. In that case, the gNB may configure multiple time domain windows with short length (e.g., 2 or 4 slots) such that frequency diversity or spatial diversity (e.g., precoder cycling) can be exploited. On the other hand, for a low speed UE, time domain window length can be set to longer to fully exploit joint channel estimation gain. Therefore, depending on the UE condition, time domain window length should be adapted.
Proposal 2: Adaptation of the time domain window length by the gNB should be supported.
As agreed in RAN1#105-e meeting, the maximum duration is no less than the time domain window length. On the other hand, if RAN4 defines the maximum duration as a value provided by the UE for capability reporting, the maximum duration cannot be directly applicable for adaptation of the time domain window by the gNB. Therefore, a new parameter (maximum time domain window length) which is no less than the time domain window length other than the maximum duration is necessary.
Proposal 3:The term maximum duration should be reserved for signalling UE capability (if supported).
Proposal 4: A new parameter (maximum time domain window length) should be indicated by the gNB for adaptation of the time domain window. 
Time domain window for unpaired spectrum
According to RAN4 reply LS [2], for unpaired spectrum, downlink reception shouldn’t be included in one time domain window. Downlink reception can be activated for PDCCH monitoring or reception of other channels/signals. Therefore, for unpaired spectrum, the time domain window should be determined such that the time domain window doesn’t include occasions of PDCCH monitoring or reception of other channels/signals
Proposal 5: For unpaired spectrum, the time domain window should be determined such that the time domain window doesn’t include occasions of PDCCH monitoring or reception of other channels/signals.
1.1. Time domain window for dynamic TDD
For dynamic TDD, PDCCH monitoring behavior can be changed dynamically by SFI. For example, PDCCH monitoring in semi-static flexible region is performed only when SFI indicates the region as dynamic DL or the UE failed to detect SFI. Therefore, for dynamic TDD, the time domain window should be determined based on SFI.
Proposal 6: For dynamic TDD, the time domain window should be determined based on SFI.
1.2. Frequency hopping enhancement
At RAN1#104bis-e meeting, the following agreement was made in AI 8.8.1.3 for joint channel estimation for PUSCH [3].
	Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· 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.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size



For TDD operation with a specific TDD pattern (e.g., DDSUUDDDSU), frequency hopping gain may be limited if an alternating pattern is applied for hopping bundles as in Figure 1. In Figure 1, 3 repetitions out of 4 are allocated in the first hop and only 1 repetition is allocated in the second hop, which leads to less frequency hopping gain. Therefore, to maximize frequency hopping gain, new hopping pattern other than the alternating pattern on hopping bundles can be considered.

Figure 1: An example of frequency hopping
Proposal 7: A new hopping pattern other than an alternating pattern on hopping bundles can be considered.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: All the repetitions are covered by one or multiple time domain windows.
Proposal 2: Adaptation of the time domain window length by the gNB should be supported.
Proposal 3:The term maximum duration should be reserved for signalling UE capability (if supported).
Proposal 4: A new parameter (maximum time domain window length) should be indicated by the gNB for adaptation of the time domain window. 
Proposal 5: For unpaired spectrum, the time domain window should be determined such that the time domain window doesn’t include occasions of PDCCH monitoring or reception of other channels/signals.
Proposal 6: For dynamic TDD, the time domain window should be determined based on SFI.
Proposal 7: A new hopping pattern other than an alternating pattern on hopping bundles can be considered.
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