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In previous RAN1#105 e-meeting [1], the following agreements about joint channel estimation for PUSCH were achieved. 
	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:
· 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 signalling 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.


[bookmark: OLE_LINK3]In this contribution, we will discuss the remaining issues on the mechanism of enabling joint channel estimation.
2. Consideration on use case for joint channel estimation
In the last meeting, whether to support joint channel estimation over back-to-back PUSCH transmissions with different TBs has been well discussed. According to the simulation results in [2], about 0.6 dB gain can be obtained for joint channel estimation across back-to-back PUSCH transmissions with different TBs. In addition to the conditions to support joint channel estimation for PUSCH/PUCCH repetitions, additional conditions are required to support joint channel estimation over PUSCHs with different TBs.  In PUSCH power control mechanism, the TB size have impacts in Tx power determination. In order to maintain power consistency among different TBs, same TBS across the different TBs is required, as well as RB allocation. Besides, TPMI precoder, SRI, and pathloss RS are also required to be unchanged over the multiple TBs, to make sure NW can perform joint channel estimation at the receiver.
Observation 1: For back-to-back PUSCH transmissions with different TBs, some extra conditions and restrictions are required, following parameters should be unchanged across the multiple TBs.
· TB size, RB allocation, modulation order, TPMI precoder, SRI and pathloss RS.
Furthermore, in order to support joint channel estimation among PUSCHs with different TBs, the configuration of the time domain window should be applicable for PUSCHs with different TBs, which are scheduled by different grants. The straightforward issue is to discuss that the time domain window should be configured per grant, or per UE. For the former, these grants of different TBs should include the configuration of the time domain window, which should be ensured to be aligned or coordinated by the network to perform joint channel estimation. Hence, the complexity of the network would be increased. For the latter, the configuration of the time domain can be common for different grants, which is naturally aligned or coordinated for PUSCHs with different TBs and has lower signaling overhead. From the simplicity of the network implementation, the time domain window should be configured per UE, not per grant. 
Observation 2: For joint channel estimation among PUSCHs with different TBs, the time domain window configured per UE is preferable. 

3. Time-domain window for joint channel estimation
3.1. Enabling/disabling the time domain window 
Joint channel estimation for PUSCH transmissions has been agreed to be enabled or disabled via RRC configuration for a UE in last meeting. Such a feature could be configured subject to certain prerequisites, such as UE capability, scenarios, channel state, and etc. When the time domain window for joint channel estimation is configured or determined, UE should maintain power consistency and phase continuity during the time domain window. However, there may be non-consecutive UL resources within the time domain window, and UE is not required to meet off-power requirements in the non-zero gap, which means UE is not required to limit the transmission power to be lower than -50dBm during gap, and leads to higher interference to the system. Hence, once the time domain window for joint channel estimation is configured or determined, there could be unexpected non-zero power signal and additional interference from each other, which maybe result in the loss of system throughput. Therefore, the enabling/disabling of the time domain window should be considered separately from the enabling/disabling of joint channel estimation. 
Furthermore, the presence of the time domain window for joint channel estimation applies restriction on the UL power adjustment. For UEs at better coverage area, the performance enhancement owing to joint channel estimation would be limited. And the restriction perhaps brings in the increased power consumption. Thus, the flexibility of enabling/disabling the time domain window should be supported and could be considered to be left to the network scheduling. 
According to the discussion in Section 2, the time domain window configured per UE has lower signaling overhead. In order to support the flexibility of enabling/disabling the time domain window, the enabling/disabling could be considered to be indicated in the corresponding grant by the network, e.g., the scheduling DCI and configured grant. In addition, dedicated DCI could be also considered for the dynamic enabling/disabling. 
Proposal 1: Support the enabling/disabling of the time domain window, separate from the enabling/disabling of joint channel estimation. 
Proposal 2: The enabling/disabling of the time domain window could be indicated in DCI and configured grant. 

3.2. Consideration on power consistency for high power UE
High power UE is one of the existing methods to achieve better performance for UL transmissions, and it could be enabled together with joint channel estimation to further improve the coverage. For high power UE, according to Section 6.2.1 in TS 38.101-1 [3], if the number of uplink symbols transmitted in a certain evaluation period exceeds the duty cycle, UE need to reduce the transmission power. 
	[bookmark: _Toc21344233][bookmark: _Toc29801717][bookmark: _Toc29802141][bookmark: _Toc29802766][bookmark: _Toc36107508][bookmark: _Toc37251267][bookmark: _Toc45888069][bookmark: _Toc45888668]6.2.1	 UE maximum output power
…
If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else if the IE P-Max as defined in TS 38.331 [7] is not provided or set to the higher value than the maximum output power of the default power class and the percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331; or
-	if the IE P-Max as defined in TS 38.331 [7] is not provided or set to the higher value than the maximum output power of the default power class and the percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to 50% when maxUplinkDutyCycle-PC2-FR1 is absent. (The exact evaluation period is no less than one radio frame):
-	shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.


[bookmark: _Hlk78125722]However, how the duty cycle is counted is not specified. That means, NW is not aware of the transmission power change for a high power UE once the duty cycle exceeds the threshold. For example, if joint channel estimation is enabled during PUSCH repetitions, UE is required to maintain the power consistency during the repetitions. However, due to high duty cycle of UL transmission, the high power UE has to adapt the lower transmission power to meet the requirements. Then the power consistency cannot be maintained, but the receiver is unaware of this situation. Therefore, further study is needed on how to maintain power consistency for a high power UE, whose transmission power can be changed due to duty cycle restriction. 


Figure 1. Example of power change at UE due to high duty cycle 
Observation 3: For high power UE, if the uplink duty cycle exceeds the threshold during the time domain window for joint channel estimation, and UE changes the transmission power, the power consistency across repetitions cannot be fulfilled.
3.3. Determination of time domain window
[bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK5]The determination of the time domain window has been discussed, mainly focus on two alternatives. The one (Alt 1) is that all repetitions are covered by one single time domain window, and starts at the first PUSCH transmission. The other (Alt 2) is that all repetitions are covered by one or multiple time domain windows, and the start of the first window is the first PUSCH transmission, and the length of each window is no longer than the maximum duration. However, there are many issues to clarify, such as the exact meaning of the first PUSCH transmission, how to apply the one or multiple windows for non-consecutive physical slots for UL transmission. 
In case the time domain window is explicitly configured, the configuration should at least include the length of the time domain window, while the starting and the ending of the time domain window can be derived from the configuration of repetition transmission. For example, the length of time domain window is explicitly indicated by NW, the actual length of time domain window  could be affected by some relevant factors, such as the maximum duration, TDD frame structure, number of repetitions and etc. It can be up to NW to properly configure the time domain window which takes the above factors into consideration. As shown in Figure 1, the configured window size equals 4 slots, and all repetitions for repetition type A includes 20 slots is covered by multiple windows (Alt 2). However, due to DL slots/symbols, there may be some non-consecutive UL physical slots in TDD systems. If there are some DL transmission in one configured window, it maybe not feasible to maintain power consistency and phase continuity during the configured window. Thus, the configured window should be segmented into one or multiple actual windows as show in Figure 2. 


Figure 2. Example of all repetitions consist of one or multiple windows (Alt 2) for TDD systems 
In Figure 2, it is observed that 2 consecutive UL slots in last 2 configured windows have to be segmented into two different actual windows, which could not utilize the benefit of joint channel estimation. Actually, if the time domain window is properly configured or determined, this issue could be avoidable. If all 20 repetitions are covered by one single configured window, multiple actual windows could be determined based on the segmentation mechanism, and the two consecutive UL slots could be covered by the same actual window as shown in Figure 3. 


[bookmark: OLE_LINK8]Figure 3. Example of all repetitions consist of one single windows (Alt 1) for TDD systems
From the examples above, no matter Alt 1 or Alt 2, it is necessary to consider the segmentation mechanism to determine the actual windows, especially for TDD systems. As for Alt 1, the one single window could be implicitly determined according to the indicated number of repetitions. And the single window is further segmented to multiple actual windows due to frame structure. NW will have higher flexibility on the window configuration, if the mechanism for segmentation of the configured window is introduced. Hence, the actual window would be the duration where joint channel estimation can apply and UE needs to maintain power consistency and phase continuity, not the explicitly configured window or the implicitly determined window, which could relax the requirements on power or UE capability. And there is no extra restriction or impact to be added to other transmission within the implicitly determined window or the explicitly configured window. That also means that it is unnecessary for Alt 2 to configure multiple windows, which eventually could be segmented into actual windows. Thus, Alt 1 is simple and effective to configure the time domain window for joint channel estimation. 
Proposal 3: The configured time domain window can be further segmented to several actual windows during which UE is required to fulfill the conditions for joint channel estimation.
Proposal 4: For the alternatives for the time domain window, one single window could be implicitly determined according to the indicated number of repetitions (Alt 1) is preferred. 

Obviously, frame structure is one factor of non-consecutive UL slots, which leads to the configured window segmentation to one or more actual windows. High priority transmission/dynamic SFI/CI, which could also result in non-consecutive available UL slots, should be regarded as the factors to segment the configured window. Furthermore, the maximum duration is the maximum time duration during which UE is able to maintain power consistency and phase continuity subject to RAN4 requirements. Once there are consecutive UL slots, the actual window size should be no more than the maximum duration. That is, the maximum duration should also be one factor to segment the configured window. In addition, the configuration of the time domain window may include the window size, if configured, will also impact the segmentation.
Proposal 5: The configured time domain window can be segmented to several actual time domain windows considering the following factors:
· frame structure, high priority transmission, dynamic SFI, CI, the maximum duration, the configured window size

The start of the window (Alt 1) or the start of the first window (Alt2) has been agreed to be the first PUSCH transmission. However, there are some issues to require further clarification. 
For TDD systems, due to high priority transmission/dynamic SFI/CI, the allocated first PUSCH transmission could be unavailable, and whether the first PUSCH transmission should be the first actual PUSCH transmission or the allocated first transmission occasion. In addition, UE would not transmit anything on the resources allocated for uplink transmission without grant, if the higher layers did not deliver a transport block to transmit on these resources. Then, the first PUSCH transmission could refer to the allocated first PUSCH transmission, or could also refer to the actual first PUSCH transmission, as shown in Figure 4. Thus, the first PUSCH transmission needs further clarification. 

 
Figure 4. Example of the first PUSCH transmission on the resources for repetition transmission without grant
Furthermore, for repetition type B, the first PUSCH transmission starts at the first OFDM symbol in TDRA for the first (actual) repetition. However, for slot-based repetition type A, the first PUSCH transmission could refer to the first OFDM symbol in TDRA for the first repetition, or could also refer to the first OFDM symbol of this slot, as shown in Figure 5. Thus, the meaning of first PUSCH transmission needs further clarification. 
Proposal 6: The first PUSCH transmission as the start of the window needs further clarification, considering the following aspects. 
· referring to the allocated first PUSCH transmission or the actual first PUSCH transmission
· referring to the allocated first OFDM symbol in TDRA or the first OFDM symbol in this slot, for repetition type A



Figure 5. Example of the first PUSCH transmission for repetition type A
Further details on actual window is considered here. Firstly, the first actual window should refer to the actual PUSCH transmission. More specifically, the first actual window starts at the first allocated OFDM symbol in the first actual PUSCH transmission. As described above, considering frame structure, high priority transmission, dynamic SFI, CI, the maximum duration, the configured window size, the actual window can be determined, including the ending and actual window size. Then, the next actual window could restart at the first allocated OFDM symbol after the unavailable slots/symbols end, or after the previous actual window ends. And the last actual window should end at the last symbol until the PUSCH transmission is finished or early terminated.
Proposal 7: The details of the actual windows should be considered as followed,
· the first actual window starts at the first allocated OFDM symbol in the first actual PUSCH transmission.
· the next actual window could restart at the first allocated OFDM symbol for upcoming actual PUSCH transmission, or after the previous actual window ends
· The ending and window size of the actual window could be determined based on the segmentation mechanism, considering frame structure, high priority transmission, dynamic SFI, CI, the maximum duration, the configured window size
· the last actual window should end at the last symbol until the PUSCH transmission is finished.

4. Inter-slot frequency hopping with inter-slot bundling
Inter-slot frequency hopping with inter-slot bundling has been discussed in previous e-meetings. Due to the connection between the inter-slot bundling for inter-slot frequency hopping and the time domain window for joint channel estimation, it is hard for inter-slot frequency hopping with inter-slot bundling to move forward before the mechanism of the time domain window is designed.
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       (a) Frequency hopping pattern      		                       (b) BLER performance
Figure 6. Performance of PUSCH frequency hopping with inter-slot bundling
In Figure 6, we evaluate the performance of joint channel estimation with inter-slot bundling frequency hopping for PUSCH VoIP, and the payload size equals to 320 bits, and MCS4 is assumed. The inter-slot bundling over 2 slots could be configured with joint channel estimation to obtain the performance gain. It can be observed that the frequency hopping pattern with inter-slot bundling over 2 slots in the middle (pattern 2), has around 0.5dB gain compared to frequency hopping without inter-slot bundling pattern (pattern 1). 
In current specification, frequency hopping pattern is determined based on slot index for inter-slot hopping. The slot index can be regarded as relatively static index, which ensures predetermined frequency hopping pattern. Although potential dynamic signalling causes some resources unavailable, there is no impact on the subsequent frequency hopping pattern, as shown in Figure 7. 


Figure 7. Examples of inter-slot frequency hopping pattern with unavailable resources
As for inter-slot bundling frequency hopping, the pattern should be determined in a semi-static way as above to avoid the impact from some dynamic signalling. 
Proposal 8: The pattern of inter-slot bundling frequency hopping should be determined semi-statically. 
The main issue on inter-slot bundling is that whether the bundle size for inter-slot frequency hopping equals to the time domain window size for joint channel estimation. In our understanding, the main motivation to design the bundle size is to obtain the performance gain from joint channel estimation within the bundle size when inter-slot frequency hopping with inter-slot bundling is enabled. Furthermore, if the inter-slot bundling is designed as independent feature from joint channel estimation, these issues, such as how to determine the bundling size, explicit or implicit indication, enabling/disabling the inter-slot bundling and etc., should be also discussed and are similar to the mechanism of the time doamin window of joint channel estimation. Thus, for sake of simplicity and minimum specification effort, the bundle size should be aligned with the time domain window for joint channel estimation. If inter-slot bundling with frequency hopping is enabled, the bundle size can be configured. Then, according to the window segmentation mechanism discussed above, the bundle size could be regarded as another factor to segment the configured window. That is, the actual window size should be no more than the configured bundle size. 
Proposal 9: If inter-slot bundling with frequency hopping is enabled, 
· The bundle size of inter-slot bundling can be N slots, where N is configured.
· The actual time domain window derived for joint channel estimation should be less than N slots.

5. Conclusion
In this contribution, we analyze and discuss the relevant mechanisms of enabling joint channel estimation, and have the following observations and proposals: 
Observation 1: For back-to-back PUSCH transmissions with different TBs, some extra conditions and restrictions are required, following parameters should be unchanged across the multiple TBs.
· TB size, RB allocation, modulation order, TPMI precoder, SRI and pathloss RS.

Observation 2: For joint channel estimation among PUSCHs with different TBs, the time domain window configured per UE is preferable. 
Observation 3: For high power UE, if the uplink duty cycle exceeds the threshold during the time domain window for joint channel estimation, and UE changes the transmission power, the power consistency across repetitions cannot be fulfilled.
Proposal 1: Support the enabling/disabling of the time domain window, separate from the enabling/disabling of joint channel estimation. 
Proposal 2: The enabling/disabling of the time domain window could be indicated in DCI and configured grant. 
Proposal 3: The configured time domain window can be further segmented to several actual windows during which UE is required to fulfill the conditions for joint channel estimation.
Proposal 4: For the alternatives for the time domain window, one single window could be implicitly determined according to the indicated number of repetitions (Alt 1) is preferred. 
Proposal 5: The configured time domain window can be segmented to several actual time domain windows considering the following factors:
· frame structure, high priority transmission, dynamic SFI, CI, the maximum duration, the configured window size

Proposal 6: The first PUSCH transmission as the start of the window needs further clarification, considering the following aspects. 
· referring to the allocated first PUSCH transmission or the actual first PUSCH transmission
· referring to the allocated first OFDM symbol in TDRA or the first OFDM symbol in this slot, for repetition type A
Proposal 7: The details of the actual windows should be considered as followed,
· the first actual window starts at the first allocated OFDM symbol in the first actual PUSCH transmission.
· the next actual window could restart at the first allocated OFDM symbol for upcoming actual PUSCH transmission, or after the previous actual window ends
· The ending and window size of the actual window could be determined based on the segmentation mechanism, considering frame structure, high priority transmission, dynamic SFI, CI, the maximum duration, the configured window size
· the last actual window should end at the last symbol until the PUSCH transmission is finished.
Proposal 8: The pattern of inter-slot bundling frequency hopping should be determined semi-statically. 
Proposal 9: If inter-slot bundling with frequency hopping is enabled, 
· The bundle size of inter-slot bundling can be N slots, where N is configured.
· The actual time domain window derived for joint channel estimation should be less than N slots.
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Annex 1: Simulation Assumptions
[bookmark: _Ref40286490]Table 1. Link-level simulation assumptions for PUSCH transmission
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	MMSE

	Channel coding scheme
	LDPC

	MCS
	MCS2: QPSK, 193/1024

	Repetitions if applicable
	K= 1,2,4,8

	Data allocation
	4 RBs allocated, 
14 symbols with 1 DMRS or 2 DMRS for repetition type A
7 symbols with 1 DMRS for repetition type B

	DMRS configuration
	Type 1, single symbol
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