[bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 #105-e	R1-2105642
e-Meeting, May 10th –27th, 2021
Source:	Sharp
Title:	Joint channel estimation for multi-slot PUSCH
[bookmark: _GoBack]Agenda Item:	8.8.1.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
Background
The following is a copy of RAN4 LS reply to RAN1 regarding phase continuity/power consistency aspects [1-2]. In this paper, we provide views on joint channel estimation for multi-slot PUSCH in line with the RAN4 LS reply. 
	R1-2102298 [1]
· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· RAN4 Answer for question 1: If the following conditions are met
· Modulation order does not change.
· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
· No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs
· Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions.
· RAN4 Answer for question 2: 
· For back-to-back transmissions with zero gap in-between adjacent transmissions, the conditions under Q1 need to be met to maintain phase continuity. 
· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1: 
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  
· Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions
· RAN4 answer 3: If the conditions for phase continuity cross PUSCH or PUCCH repetitions are fulfilled, the same power level (with certain tolerance level) can also be achieved. The certain tolerance level is still under discussion in RAN4.




	R1-2104168 [2]
RAN4 confirms the feasibility of phase continuity and power consistency for non-zero un-scheduled gap case for a gap less than 14 symbols when UE is not required to meet the existing off power requirements. Whether new or existing off power requirements for shorter duration than 1 msec as well as the maximum value of X un-scheduled symbols will be introduced are pending on further RAN4 discussions. For the case with other UL channels in between repetitions, at least if the other scheduled signals/channels during the non-zero gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels, it is feasible to maintain the phase continuity and power consistency across the repetitions. For the phase tolerance level, RAN4 is planning to perform further studies in following meetings.



Scenarios for joint channel estimation
As provided by the reply LSs [1-2], joint channel estimation for a PUSCH repetition with unscheduled gap with X symbols is possible if the downlink reception/monitoring is not performed in the gap. Further, joint channel estimation for a PUSCH repetition with a scheduled gap for other signals/channels with X symbols is possible if the other signals/channels have the same settings in antenna port, occupied PRBs and UL power than the PUSCH repetition.
Proposal 1: Joint channel estimation across slots for a non-back-to-back PUSCH repetition with unscheduled gap with X symbols is supported if the downlink reception/monitoring is not performed in the gap.
Proposal 2: Joint channel estimation across slots for a non-back-to-back PUSCH repetition with a scheduled gap for other signals/channels with X symbols is supported if the other signals/channels have the same settings in antenna port, occupied PRBs and UL power than the PUSCH repetition.
Further, the latter implies that the UE can maintain phase continuity for the PUSCH repetition and other signals/channels in between even if the other signals/channels are PUSCHs with different TB. Therefore,
Proposal 3: Joint channel estimation across slots for PUSCHs with different TB is supported.
Time domain window
At RAN1#104bis-e meeting, the following agreement is made in AI 8.8.1.3 for scenarios for joint channel estimation [3]. 
	Agreements:
· For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS how the time domain window is determined (e.g., via explicit configuration and/or implicitly derived) and whether or not to have the possibility of enabling/disabling 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
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS whether or not to further consider impacting of timing advance




1.1. Time domain window for repetition type A
Time domain window for FDD
Figure 1 shows an example of the time domain window design for a PUSCH with 8 repetitions in FDD operation if the UE capability of the maximum time domain window size is 6 slots. In Window design 1, size of the first time domain window equals to the UE capability and size and location of the second time domain window is aligned with remaining slots (i.e., the repetition factor – the UE capability). Therefore, it can maximize SINR after channel equalization within the first time domain window. On the other hand, in Window design 2, the repetitions are equally divided into two time domain windows, where the gNB can equivalently improve the SINR for each time domain window. The gNB should have a flexibility to configure one of them based on its channel estimation algorithm. Therefore, we propose that the size of the time domain window should be provided by the gNB. Further, the first time domain window can start at the first PUSCH repetition.
Proposal 4: Time domain window size is provided by the gNB either by RRC signalling or DCI format scheduling a PUSCH for FDD operation.
Proposal 5: First time domain window starts at the first slot of the PUSCH repetition.


Figure 1: An example of the time domain window design for a PUSCH with 8 repetitions in FDD operation if the UE capability of the maximum time domain window size is 6 slots
Time domain window for TDD
In TDD operation, time domain window configuration should be highly depending on TDD pattern. Figure 2 shows an example of a PUSCH with 8 repetitions. In Figure 2, the grey colour indicates that a PUSCH repetition is transmitted in the slot and the white colour indicates that a PUSCH repetition is omitted due to an overlap with downlink region. In this example, the gNB may configure joint channel estimation for slot#3 and slot#4. On the other hand, the gNB will not configure joint channel estimation for slot#4 and slot#9 due to a gap region with downlink reception. In that case, single time domain window comprising of slot#3 and slot#4 should be available for the PUSCH repetition.
In a case of periodic DL/UL cycle as described in Figure 2 (DL/UL cycle is 5 slots), a periodic time domain window configuration may work. On the other hand, if DL/UL cycle is not periodic, Periodic configuration doesn’t work well. Further, when dynamic SFI is considered, situation is more complicated. Figure 3 shows an example of dynamic TDD pattern. For example, in Figure 3(b), the time domain window configuration should be 5 slots periodicity. On the other hand, in Figure 3(c), the time domain window configuration should be 10 slots periodicity. Therefore, considering the possibility of dynamic change of DL/UL cycle, the time domain window configuration should be determined implicitly by TDD pattern.
Proposal 6: The time domain window configuration should be determined implicitly by TDD pattern. 


Figure 2: An example of repetition type A with 8 repetitions


Figure 3: An example of time domain window configuration for TDD operation
As provided by RAN4 [1], the UE cannot maintain phase continuity with a gap for downlink reception. In RAN1 perspective, all downlink regions configured by RRC or provided by dynamic SFI should be regarded as a gap for downlink reception since, in those regions, SS/PBCH, CSI-RS, PDCCH and PDSCH are expected to be received/monitored. Given that any TDD configuration can be seen as a cycle of DL regionflexible regionUL region, the time domain window should be defined by the cycle.
Proposal 7: A time domain window should be defined by a cycle of DL regionflexible regionUL region.
1.2. Time domain window for TBoMS
In our view, the design concept for time domain window can be the same as the one for repetition type A. The gNB can provide the configuration explicitly for FDD operation and the time domain window can be determined implicitly by TDD pattern for TDD operation.
Proposal 8: TBoMS-specific time domain window configuration is not necessary. TBoMS can reuse window design for repetition type A.
1.3. Time domain window for different TB
For different TB case, the start of the time domain window cannot follow the one for the PUSCH repetition. Therefore, the gNB should provide the starting slot and size of the time domain window via RRC signalling.
Proposal 9: The starting slot and size of the time domain window is provided by the gNB via RRC signalling for joint channel estimation for different TB.
Inter-slot frequency hopping enhancement
At RAN1#104bis-e meeting, the following agreement is made in AI 8.8.1.3 for inter-slot frequency hopping enhancement [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




Within the hopping bundle, the UE should maintain phase continuity. Therefore, in our view, hopping bundle is the same as the time domain window.
Proposal 10: It is supported that Time domain window and hopping bundle are provided by the gNB by single parameter in RRC signalling or in DCI format scheduling a PUSCH for FDD operation if joint channel estimation and frequency hopping are configured.
However, for TDD operation with a specific TDD pattern (e.g., DDSUUDDDSU), we see reduced frequency hopping gain as shown in Figure 4. In Figure 4, when the hopping bundle is the same as the time domain window, 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, following two options can be considered.
Alt.1) A new hopping pattern other than alternating hopping pattern of Rel-15/16 is introduced (e.g., first hopsecond hopsecond hop)
Alt.2) Hopping bundle is configured separately from the time domain window configuration
Figure 5 shows an example of Alt.1. With Alt.1, hopping bundle can be the same as the time domain window whereas new hopping pattern is introduced. For example, in Figure 5, the new hopping pattern can be seen as first hopsecond hopsecond hop at every single hopping bundle. Note that Alt.1 corresponds to Option 1 in the previous agreement.
Figure 6 shows an example of Alt.2. With Alt.2, hopping bundle can be configured separately from the time domain window. For example, as in Figure 6, 2nd time domain window and 3rd time domain window are bundled into one hopping bundle. Note that Alt.2 corresponds to Option 2 in the previous agreement.
Considering the commonality between FDD and TDD, we prefer Alt.1 for TDD.
Proposal 11: To maximize frequency hopping gain for TDD operation, support a new hopping pattern other than alternating hopping pattern of Rel-15/16 (e.g., first hopsecond hopsecond hop) for TDD operation.


Figure 4: Inter-slot frequency hopping


Figure 5: New hopping pattern (first hopsecond hopsecond hop at every single hopping bundle)


Figure 6: Independent hopping pattern from the time domain window
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Joint channel estimation across slots for a non-back-to-back PUSCH repetition with unscheduled gap with X symbols is supported if the downlink reception/monitoring is not performed in the gap.
Proposal 2: Joint channel estimation across slots for a non-back-to-back PUSCH repetition with a scheduled gap for other signals/channels with X symbols is supported if the other signals/channels have the same settings in antenna port, occupied PRBs and UL power than the PUSCH repetition.
Proposal 3: Joint channel estimation across slots for PUSCHs with different TB is supported.
Proposal 4: Time domain window size is provided by the gNB either by RRC signalling or DCI format scheduling a PUSCH for FDD operation.
Proposal 5: First time domain window starts at the first slot of the PUSCH repetition.
Proposal 6: The time domain window configuration should be determined implicitly by TDD pattern. 
Proposal 7: A time domain window should be defined by a cycle of DL regionflexible regionUL region.
Proposal 8: TBoMS-specific time domain window configuration is not necessary. TBoMS can reuse window design for repetition type A.
Proposal 9: The starting slot and size of the time domain window is provided by the gNB via RRC signalling for joint channel estimation for different TB.
Proposal 10: It is supported that Time domain window and hopping bundle are provided by the gNB by single parameter in RRC signalling or in DCI format scheduling a PUSCH for FDD operation if joint channel estimation and frequency hopping are configured.
Proposal 11: To maximize frequency hopping gain for TDD operation, support a new hopping pattern other than alternating hopping pattern of Rel-15/16 (e.g., first hopsecond hopsecond hop) for TDD operation.
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