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1. Introduction

During RAN1#104-bis meeting, the following agreements have been achieved on PUSCH coverage enhancement.

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 window (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

Agreements:

· A new DMRS pattern equally spaced among PUSCH transmissions is not considered for joint channel estimation in Rel-17.

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

Agreements:

· For the time domain window for joint channel estimation, down select on the following two options:

· Option 1: The unit of the time domain window is defined separately for the following PUSCH transmissions:
· PUSCH repetition type A

· PUSCH repetition type B, if agreed

· TBoMS, if agreed

· Different TB, if agreed

· Option 2: The unit of the time domain window is the same for the following PUSCH transmission:

· PUSCH repetition type A

· PUSCH repetition type B, if agreed

· TBoMS, if agreed

· Different TB, if agreed

During RAN1#105 meeting, the following agreements have been further achieved on PUSCH coverage enhancement.

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

Draft LS to RAN4 is approved, with final LS in R1-2106212.
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.

In this contribution, we further discuss aspects on joint channel estimation for NR PUSCH.       
2. Discussion
2.1. On time domain window for joint channel estimation

During last RAN1 meeting, it was agreed to 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. There are still many FFS issues on the time domain window.

The 1st issue is on 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. For this issue, based on RAN4’s feedback in R4-2103393, the UE can maintain phase continuity for back-to-back PUSCH transmission with zero gap. But in case of there is non-zero gap in between PUSCH transmissions, the UE may not maintain the phase continuity due to factors such as gap length, whether there are downlink receptions in the gap, which may be up to RAN4’ further study. With such conditions, an explicit configured time domain window may not be possible considering that there may be gaps during PUSCH transmission even if the time domain window is configured. Therefore, it would be feasible to use an implicit configured time domain window.  And the time domain window may be derived considering TDD UL/DL configuration, the TDRA in the grant, whether there is another uplink transmission such as SRS etc.

With the above implicit manner to derived the time domain window, it may result in single or multiple time domain window, depending on above mentioned factors such as the slot structure, the TDRA etc. For example, since the UE can maintain phase continuity for back-to-back PUSCH transmission with zero gap, one single time domain window would be needed for such case. In case there is large time gap in between PUSCH transmissions, multiple time domain windows would be needed for the gNB to perform joint channel estimation.

At least based on current RAN4’s feedback as mentioned above, we don’t see any relation between the time domain window and UE’s capability.
In addition, both the gNB and the UE will have the common understanding on when the TPC command is received and its application time, therefore we see no strong reason that there is impact on joint channel estimation due to timing adjustments.    

At least for PUSCH repetition type A, the unit of the time domain window can be slots. For PUSCH repetition type B, the length of the domain window may vary from several symbols to several slots. Therefore, it would be beneficial to use repetitions as the unit of the time domain window. 
Observation 1: There may be single or multiple time domain window.

Observation 2: There isn’t any relation between the time domain window and UE’s capability based on current RAN4’s feedback.

Proposal 1: The time domain window shall be implicitly derived considering factors such as TDD UL/DL configuration, TDRA and other uplink transmission. 
Proposal 2: The unit of the time domain window can be slots for PUSCH repetition type A while it can be repetitions for repetition type B.
During RAN1#105 meeting, we have sent an LS to ask RAN4 whether there is a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level.  Before we get feedback from RAN4, it is difficult to further discuss the details on how to configure the time domain window. For example, to select one from the following options:

· 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

If the maximum duration is long enough, then all the PUSCH repetitions can be covered with one single time domain window. Otherwise, multiple time domain windows may be needed. 

Proposal 3: further discuss the details on how to configure the time domain window until receiving RAN4’s feedback. 
2.2. Interaction between Frequency hopping and time domain window

If inter-slot frequency hopping is enabled, with the current frequency hopping mechanisms, the frequency domain resources of the adjacent PUSCH slots would be different, which precludes the joint channel estimation with DMRS within the adjacent PUSCH slots. Therefore, it is beneficial to improve inter-slot frequency hopping to make full use of the potential of joint channel estimation. One method is to define inter-slot frequency hopping in a slot bundle manner, i.e., within a frequency hopping interval including multiple slots, PUSCH is transmitted without hopping and it is hopped across different PUSCH slot bundles, as shown in Figure 1.
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Figure 1: PUSCH is hopped across slot bundles
Proposal4: PUSCH can be hopped across different slot bundles to enable joint channel estimation.
During RAN1#104bis-e meeting, the relationship between the hopping bundle size and the time domain window has been discussed, and we have 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.

In our view, the bundle size in itself shall be determined with the target trying to maximize PUSCH transmission performance considering balance of the frequency hopping gain and joint channel estimation. When gNB sets the bundle size, the total number of repetition number, the channel condition, the slot structure tec. shall be taken into account. Therefore, option 2 shall be considered. 
Proposal 5: The bundle size (time domain hopping interval) can be different from the time domain window size.
It is straightforward that the bundle size is informed to the UE based on explicit signaling.

Proposal 6: The bundle size (time domain hopping interval) is explicitly informed to the UE.
2.3. On enabling and disabling joint channel estimation

During RAN1#105 meeting, it has been agreed that joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration. Firstly, using RRC signaling to enable or disable joint channel estimation is enough. We don’t see the strong need to use dynamic signaling. Since joint channel estimation would be used to adapt to user’s poor channel estimation or worse cell coverage, enabling and disabling joint channel estimation shall be determined based on a long-term estimation of the channel condition. Secondly, on how to configure the enabling or disabling, e.g., using explicit signaling or implicit signaling, it may depend on the detailed configuration of the time domain window. For example, whether a time domain window is needed to be specified and configured to the UE. If yes, configuration of such a time domain window can enable joint channel estimation. 

Proposal 7: Dynamic signaling to enable or disable joint channel estimation is not needed. 
2.4. Restrictions for PUSCH transmission to enable joint channel estimation

In order to make it possible to enable joint channel estimation, there should be some restrictions on multi-slots PUSCH transmission. For example, the same DMRS antenna ports, the same transmission power (which corresponds to the TPC command or open power control setting), the same codebook, the same Tx spatial parameters, the same frequency domain resource allocation shall be applied across the PUSCH slots.

Proposal 8: Same DMRS antenna ports, same transmission power, same codebook, same Tx spatial parameters and same frequency domain resource allocation shall be applied among multiple PUSCH slots to enable joint channel estimation.
2.5. Potential impact from some special cases
There are also some other factors which may have impacts on multi-slot channel estimation. 

The first one is the slot structure for NR TDD. Due to flexible slot structure, the uplink slots for PUSCH transmission may not be continuously distributed, and there may be DL slots or special slot which cannot be used for PUSCH transmission among the PUSCH slots. Non-continuous PUSCH slots will affect the performance of joint channel estimation since the channel correlation between non-adjacent slots would be inferior to that of the adjacent slots. 
Another one is when there are multiple uplink channels needs to be transmit simultaneously for single cell operation with two uplink carriers or for operation with carrier aggregation, power reduction shall be applied if the total power transmission power exceeds 
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. As specified in 38213, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to 
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-
PRACH transmission on the PCell

-
PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-
PUCCH transmission with CSI or PUSCH transmission with CSI

-
PUSCH transmission without HARQ-ACK information or CSI

-
SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
For multi-slot PUSCH transmission, when other uplink channels such PRACH or PUCCH are overlapping with PUSCH in some of PUSCH slots, the PUSCH transmission power may be reduced due to limited power. In such case, the transmission power of PUSCH among different slots may be different. Therefore, joint channel estimation cannot be used due to in-consistent PUSCH transmission power. But it may be difficult for the gNB to always have an idea on when power reduction for PUSCH would happen. For example, PRACH or SR on PUCCH would be triggered by UE itself. Therefore, how to enable proper PUSCH decoding with and without joint channel estimation needs to be studied.
Observation 3: Joint channel estimation may be impacted due to power reduction during PUSCH repetition.

3. Conclusions
In this contribution, we discussed aspects on joint channel estimation and we have the following observations and proposals:   
Observation 1: There may be single or multiple time domain window.

Observation 2: There isn’t any relation between the time domain window and UE’s capability based on current RAN4’s feedback.

Observation 3: Joint channel estimation may be impacted due to power reduction during PUSCH repetition.

Proposal 1: The time domain window shall be implicitly derived taking into account factors such as TDD UL/DL configuration, TDRA and other uplink transmission. 

Proposal 2: The unit of the time domain window can be slots for PUSCH repetition type A while it can be repetitions for repetition type B.
Proposal 3: further discuss the details on how to configure the time domain window until receiving RAN4’s feedback. 
Proposal 4: PUSCH can be hopped across different slot bundles to enable joint channel estimation.
Proposal 5: The bundle size (time domain hopping interval) can be different from the time domain window size.

Proposal 6: The bundle size (time domain hopping interval) is explicitly informed to the UE.

Proposal 7: Dynamic signaling to enable or disable joint channel estimation is not needed. 
Proposal 8: Same DMRS antenna ports, same transmission power, same codebook, same Tx spatial parameters and same frequency domain resource allocation shall be applied among multiple PUSCH slots to enable joint channel estimation.
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