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Introduction
In RAN1#105-e meeting, several agreements and a conclusion were made regarding on joint channel estimation for PUSCH. [1] In this contribution, we discuss about use cases for joint channel estimation, time-domain window for joint channel estimation and inter-slot frequency hopping with inter-slot bundling.

Use cases for joint channel estimation
Potential use cases
Among potential use cases, the use cases that need to be decided whether to support or not are ‘use case 4’ and ‘use case 5’. Regarding use case 5, we should wait for RAN4's response, however for use case 4, considering the TDD frame structure, use case 4 will be the most frequent scenario in uplink of TDD, and there is no reason not to support it. Also, according to the reply LS from RAN4, it is possible to support phase continuity when the gap between uplink transmission is 13 symbol or less. Therefore, confirmation of the following working assumptions is desired. 
Proposal 1: Confirm the working assumption of potential use case 4 for joint channel estimation.
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:

LS from RAN4 about downlink reception at the UE side came in. Our understanding regarding it is as follows: The gNB indicates the UE to monitor a specific time resource in order to transmit the DL, and accordingly, the gNB transmits the actual DL in the corresponding time resource, which means that the UE monitors it. In addition, if the gNB does not transmit DL to the UE in a specific time resource, the gNB does not indicate the UE to monitor the corresponding time resource, and accordingly, the gNB does not transmit DL to the UE.
On the other hand, the gNB indicates the UE to monitor specific time resource in order to transmit DL in the time resource, but there is possibility that the UE miss this indication. In such a case, the gNB transmits the actual DL in the corresponding time resource, however the UE may not monitor it.
In such a case, even if the UE can guarantee the phase continuity, the gNB will not be able to guarantee the phase continuity of the UE. That is, even if the gNB transmits or does not actually transmit DL, the gNB should understand that the UE's phase continuity is not guaranteed for a slot that the UE expects to monitor.
Observation 1: Regardless of the gNB’s actual transmission, the gNB understands that phase continuity of UE cannot be guaranteed for the DL that the UE is expected to monitor.

Joint channel estimation between different TBs
It needs to be discussed whether to support joint channel estimation for different TBs in use case 3 and use case 4. Joint channel estimation can be performed between different TBs that have been scheduled to satisfy the requirements for joint channel estimation. In order to support different TBs other than that, phase/power continuity should be maintained. In terms of power control, all the parameters should be aligned: the grant method, the open loop power control index, the RS measuring pathloss, PRB allocation, number of RBs, and MCS. And the closed loop power control should not be updated. To support joint channel estimation for different TBs, all of these parameters should be aligned which cannot be naturally met. Therefore, it is necessary to discuss if there is a performance gain compared to this effort. 
Observation 2: To support joint channel estimation for different TBs, all of power control parameters between those different TBs should be aligned to satisfy requirements for joint channel estimation.

Time-domain window for joint channel estimation
In this section, we discuss about configuration method and unit, size of time-domain window. Whether the time-domain window is single or multiple is also included in discussion and UE behavior regarding time-domain window is discussed.

Configuration of Time-domain window
It is necessary to discuss whether to configure the time domain window or not. If the time domain window is not configured, misunderstanding between the gNB and the UE may occur, and therefore a common understanding between the two is required. Options that can be considered in this regard are what the gNB configures and what the UE reports. Reporting by the UE may impair the scheduling flexibility of the gNB. In addition, considering the enhancement of inter slot frequency hopping, it may be difficult to determine a hopping boundary. Therefore, it would be desirable for gNB to configure.
Proposal 2: gNB configures time-domain window for joint channel estimation. 

Unit/Size of Time-domain window
[bookmark: _GoBack]It should be considered together what the unit of the time domain window will be and whether to change the unit according to the PUSCH type, i.e., PUSCH repetition type A, PUSCH repetition type B, TBoMS and different TBs. Up to now, for all potential use cases, PUSCH repetition type B has decided to support only when the technology for PUSCH repetition type A is reused, so it would be inappropriate for the unit of time domain window to be a symbol. Also, considering the PUSCH type, slot and repetition are basically same unit except for TBoMS. However, even for a slot, there are options such as whether only an uplink slot is considered, an available slot is considered, or only an actually transmitted slot is considered. A detailed discussion on this is necessary. For now, except for TBoMS, a slot or repetition unit is desirable, and whether these units differ depending on the PUSCH type should be discussed.
Proposal 3: For the unit of time domain window for joint channel estimation, it would be appropriate to be a slot or repetition.

It is desirable to clarify the definitions and characteristics of the maximum duration, time-domain window, and joint channel estimation enable/disable (RRC signaling). If the maximum duration is a UE requirement, it is correct that it is described in the RAN4 spec. And based on this information, the gNB is able to indicate the UE the time-domain window with length less than or equal to the maximum duration of the UE. However, if the maximum duration of the UE changes for each channel state of the UE, the variation of it should be reported and accordingly, it is also necessary to discuss whether the time-domain window should be changed.
When joint channel estimation is enabled, the UE will transmit and maintain phase/power within the time-domain window. The time domain window can be configured implicitly or explicitly. However, it is not natural for joint channel estimation and time domain window to be configured separately. Considering that joint channel estimation is enabled but there is no time domain window, the UE does not need to transmit while maintaining power/phase continuity, which is identical to disabled joint channel estimation. In addition, conversely, assume joint channel estimation is disabled but the time domain window is configured, and the UE misunderstands the timing when the UE is disabled or misses the disable. Then the UE will continue to transmit while maintaining power/phase continuity, which will limit the operation of the UE. That is, it is natural to enable/disable joint channel estimation and configure the time domain window at the same time.
Even if a time domain window that does not exceed the maximum duration is indicated, the UE may not be able to transmit by satisfying the requirement during that window, and in this case, the UE should be able to report. Otherwise, the gNB assumes that the UE maintains both power and phase during the configured time window and performs combining, which is not in reality, the channel estimation gain may deteriorate. Therefore, reporting of UE is required and it is desirable for gNB to acquire information before decoding. Indicating this with UCI or other uplink signal leads the acquisition of information is made after decoding, which makes those options are not preferable. On the other hand, it may be considered to indicate by rotating the phase of the DMRS. This method is preferred as it allows information to be obtained prior to decoding.
Proposal 4: If the UE cannot transmit by satisfying the requirement for joint channel estimation during the configured time window, the UE may report it.

Single or multiple time domain window
One or multiple time domain window can be interpreted as follows: First, the single time domain window can be comprehended that the UE transmits with power and phase continuity for joint channel estimation during a period corresponding to single window after DMRS bundling is configured with RRC. Alternatively, it may mean that the UE repeatedly transmits for joint channel estimation for a time corresponding to multiple number of same sized window until it is disabled. Similarly, multiple windows may mean using time domain windows of various sizes after DMRS bundling enabled. Alternatively, the size can be the same but it may be used repeatedly to mean multiple time domain windows. In addition, even considering single time domain window is configured and UE repeatedly transmits it until it is disabled, the UE may need different (shorter) size of time domain window when the UE is unable to transmit satisfying power/phase consistency for joint channel estimation for some reason. In this case, it may be considered to be defined as multiple size of time domain window.
In our understanding, single time domain window case means that when joint channel estimation is indicated, a window of a single size is (repeatedly) applied until it is disabled, and multiple time domain window case means that when joint channel estimation is indicated, windows of various sizes can be applied until disabled. In this regard, discussion is need to align the level of understanding. In case our understanding regarding one or multiple time domain window is common, we support multiple time domain window for joint channel estimation.
Proposal 5:  Further clarification is needed for one or multiple time domain window.

UE behavior of DMRS bundling
 There have been insufficient discussion on UE behavior to maintain phase/power continuity when the UE is configured with DMRS bundling. In reply LS of RAN4, it was answered that TA adjustment affects phase continuity. Therefore, the UE should not perform TA adjustment when the DMRS bundling is configured. In relation to power control, power consistency can be maintained only if close loop power control is not indicated or not applied even if indicated. In addition, rules for uplink collision handling and power sharing in CA/DC scenarios are required. Therefore, the UE behavior for maintaining the power/phase continuity when the DMRS bundling is configured should be discussed.
Proposal 6: To support DMRS bundling, at least UE behaviors when DMRS bundling is enabled regarding followings should be further discussed in power and phase continuity perspective.
· Indicated TA adjustment during DMRS bundling
· Indicated closed loop power control during DMRS bundling
· Uplink collision handling and power sharing in CA/DC scenario

Inter-slot frequency hopping with inter-slot bundling
The following agreement was made at the RAN1#104bis-e meeting regarding inter-slot frequency hopping [1].
	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



Among the two options, option 2 is preferable in consideration of the scheduling flexibility of the gNB. Also, considering the case that gNB configures a time domain window which is equal to the hopping boundary, and with various reasons, the UE may not be able to transmit by satisfying the requirement of joint channel estimation during the time domain window. It means that the time domain window for joint channel estimation is shorter than the configured window which is equal to the hopping interval, and in conclusion, it becomes option 2. If only Option 1 is supported, the UE behaviour is ambiguous if the UE cannot maintain the time domain window size period.
Proposal 7: Option 2 (The bundle size (time domain hopping interval) can be different from the time domain window size.) is supported for inter-slot frequency hopping with inter-slot bundling. 

Conclusion
In this contribution, we discuss on specifications of joint channel estimation for PUSCH. From the discussion, we obtained following proposals and observations:
Proposal 1: Confirm the working assumption of potential use case 4 for joint channel estimation.
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
Observation 1: Regardless of the gNB’s actual transmission, the gNB understands that phase continuity of UE cannot be guaranteed for the DL that the UE is expected to monitor.
Observation 2: To support joint channel estimation for different TBs, all of power control parameters between those different TBs should be aligned to satisfy requirements for joint channel estimation.
Proposal 2: gNB configures time-domain window for joint channel estimation. 
Proposal 3: For the unit of time domain window for joint channel estimation, it would be appropriate to be a slot or repetition.
Proposal 4: If the UE cannot transmit by satisfying the requirement for joint channel estimation during the configured time window, the UE may report it.
Proposal 5:  Further clarification is needed for one or multiple time domain window.
Proposal 6: To support DMRS bundling, at least UE behaviors when DMRS bundling is enabled regarding followings should be further discussed in power and phase continuity perspective.
· Indicated TA adjustment during DMRS bundling
· Indicated closed loop power control during DMRS bundling
· Uplink collision handling and power sharing in CA/DC scenario
Proposal 7: Option 2 (The bundle size (time domain hopping interval) can be different from the time domain window size.) is supported for inter-slot frequency hopping with inter-slot bundling. 
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Annex. Agreements and working assumption in RAN1#105-e meeting [2]

	Agreement:
· Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported.

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: Send LS to RAN4 asking the following questions
· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is band specific?
· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration

Agreement:
· Optimization of DMRS granularity in time domain for PUSCH is not considered for joint channel estimation in Rel-17.

Agreement:
· For back-to-back PUSCH transmissions within one slot, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A with consecutive slots 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported.
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.

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.
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