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Introduction
In this contribution, we discuss potential ways to enhance joint channel estimation following the coverage enhancement work item objectives [1]:
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary, by RAN4 [RAN1, RAN4]. 

Discussion

In RAN1#105-e the following agreement was made:
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


In our opinion defining time duration where a UEs is expected to maintain phase continuity and amplitude consistence a good approach. If this time duration has a dependency on other parameters or is different between different UEs, capability signalling may become complex, and we think that it is a better option to specify requirements for UEs rather than having active signalling. We are ok with a UE may signal a single capability signal if it meets the requirements for all conditions listed in e.g. [1].
Proposal 1: A UE can signal that it supports a specified duration rather than various durations can be signalled by different UEs or for different conditions.
Based on the following working assumption:
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.


For non-back-to-back PUSCH transmission, there is an assumption that at least no UL transmission between successive PUSCH transmissions is supported and further an FFS whether other UL transmissions can be allowed. In [2] we showed that it is possible to also allow DL transmissions between successive PUSCH transmissions, e.g. by using different UE antennas for UL and DL. Multiple RAN4 tdocs have shown feasible solutions and RAN1 should not preclude it from physical layer protocol design [3].  
 It is in our opinion that the standard shall not limit performance enhancements gained by technology advancement,  supporting the scenario where DL is in between the UP repetition can increase the opportunities for the network to perform the joint channel estimation and further improve the uplink coverage, which is particularly important for a high UL/DL ratio scenario (e.g., uplink video streaming), therefore we propose that a UE shall be able to signal its capability of supporting ‘no UL’, ‘other UL’, or ‘DL’ transmissions between successive PUSCH transmissions. 
Proposal 2: A UE shall be able to signal its capability of supporting ‘no UL’, ‘other UL’, or ‘DL’ transmissions between successive PUSCH transmissions.
In [4] we shared simulation results showing that the problem with a phase discontinuity directly relates to the bandwidth. Similar results were shared by other companies with similar conclusions. The figure below summarise our findings and it can be seen that already with 5 PRBs the receiver can efficiently estimate a phase step distributed as U[-180,180] and enable JCE as compared to the case with a single PRB where the performance of JCE is actually worse compared to not using JCE.
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Observation 1: The problem with a phase discontinuity directly relates to the narrow bandwidth.
Based on this observation, increase the DMRS bandwidth can help the receiver in the estimation of the phase step and further enable JCE, one of possible implementation is to add additional DMRS signals outside the PUSCH bandwidth on both side of the phase discontinuity, e.g. caused by a DL transmission. 
Proposal 3: Additional DMRS signals outside the PUSCH bandwidth on both side of a transmission discontinuity, e.g. DL, helps the receiver in the estimation of the phase step and further enable JCE.
It might be argued, and needs to be investigated, that additional DMRS outside the BW will decrease the power density. As the additional DMRS signals only are present on a limited set of REs and only on symbols carrying DMRS next to a discontinuity, the expectation is that this effect is smaller than the advantage of JCE.

 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 agreement that we support Alt. 1. Our motivation is that alternative 2 may inherently block the support of DL transmission between successive UL PUSCH transmissions by restarting a new time window, which we think is an essential feature for JCE in FR2. 
Proposal 4: We support Alt. 1, all the repetitions are covered by one single time domain window.


Proposals and observations repeated
Proposal 1: A UE can signal that it supports a specified duration rather than various durations can be signalled by different UEs or for different conditions.
Proposal 2: A UE shall be able to signal its capability of supporting ‘no UL’, ‘other UL’, or ‘DL’ transmissions between successive PUSCH transmissions.
Observation 1: The problem with a phase discontinuity directly relates to the narrow bandwidth.
Proposal 3: Additional DMRS signals outside the PUSCH bandwidth on both side of a transmission discontinuity, e.g. DL, helps the receiver in the estimation of the phase step and further enable JCE.
Proposal 4: We support Alt. 1, all the repetitions are covered by one single time domain window.

[bookmark: _Hlk47387515]References

LS to RAN4, R1-2106212.
Tdoc R1-2103312 for RAN#104b-e
LS to RAN1 --
Tdoc R1-2105176 for RAN1#105-e 
image1.png
Channel estimation error (MSE) [dB]

-10

-12

-14

single slot CE

joint CE, no phase jump
—— joint CE, max phase jump = 180 , 1 PRB
—©— joint CE, max phase jump = 180", 10 PRB
—%— joint CE, max phase jump = 180 , 5 PRB

-16

10 15

SNR [dB]




