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1. Introduction
In RAN1#106b-e meeting, several issues for channel estimation have been discussed. Such as use cases, time domain window, frequency hopping, TA and TPC, etc. Some issues had achieved agreements or working assumptions [1]. In this contribution, we further analyze the remaining issues and provide our views on JCE.
2. Discussion
2.1 Use cases
In RAN1#104b, #105, #106 and #106b e-meeting, some agreements about use cases for joint channel estimation have been achieved, as show in the following： 
· Joint channel estimation over back-to-back PUSCH transmissions with repetition type B within one slot with a single TB is supported. 
· Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported. 
· Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported. 
· Joint channel estimation over back-to-back PUSCH transmissions across consecutive slots (of the same TB) for repetition type A is supported. 
· Joint channel estimation over back-to-back PUSCH transmission across consecutive slots (of the same TB) for repetition type B is supported.
· Joint channel estimation over back-to-back PUSCH transmission across consecutive slots for one TB processed over multiple slots is supported. 
· Joint channel estimation over non-back-to-back PUSCH transmission across consecutive slots (of the same TB) for repetition type A and type B, and with other uplink transmissions in the middle of two PUSCH transmissions, are supported. 
· Joint channel estimation over non-back-to-back PUSCH transmission across consecutive slots for one TB processed over multiple slots, and with other uplink transmissions in the middle of two PUSCH transmissions, are supported. 
· Joint channel estimation over non-back-to-back PUSCH transmissions across non-consecutive slots is not supported.
However, whether joint channel estimation should be supported the under use case is still under discussion
· Use Case 4b：non-back-to-back PUSCH transmissions across consecutive slots, and with other uplink transmissions in the middle of two PUSCH transmissions

From the RAN4 LS reply [3], if the non-zero gap in-between adjacent transmissions is no more than 13 OFDM symbols, the feasibility of maintaining phase and power condition has been confirmed when UE is not required to meet the existing off power requirements. Considering the case where an event is overlapped with a PUSCH repetition type B transmission, the actual repetition is omitted according to the dropping rules in [4, 38.213]. In this case, when the gap is no more than 13 symbols and JCE is supported, for Use Case#4b, it is beneficial for the joint channel estimation of PUSCH repetition type B transmission. 
Proposal 1: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot should be supported. 

2.2 Time domain window
The determination rules of the configured time domain window and the actual time domain window for PUSCH repletion type A have been discussed in last RAN#1 meeting. The following agreements and working assumption were achieved. 
	Agreement:
Down-select one of the following options in this meeting:
Option 1: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
Option 1’: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions
Option 3’: 
· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of L being longer than maximum duration,
· The maximum value of the window length L of the configured TDW is the duration of all repetitions.
· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If L is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events

Agreement
It is agreed that
· For PUSCH repetition type A counting based on physical slots
· The start of the first configured TDW is the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW is the last physical slot for the last PUSCH transmission.
· For PUSCH repetition type A counting based on available slots
· The start of the first configured TDW is the first available slot for the first PUSCH transmission.
· The end of the last configured TDW is the last available slot for the last PUSCH transmission. 
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.

Agreement
· For PUSCH repetition type A counting based on physical slots
· The configured TDWs are consecutive, where the start of other configured TDWs is the first physical slot right after the last physical slot of a previous configured TDW.
· For PUSCH repetition type A counting based on available slots
· The configured TDWs are determined based on available slots, where start of a configured TDWs is the first available slot after the last available slot of a previous configured TDW.
Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.

Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.


The motivation for introducing the time domain window is that UE is expected to maintain power consistency and phase continuity among PUSCH transmissions during a time domain window. From RAN4 LS Reply, we know that modulation order, frequency resources, and transmission power level should not be changed to maintain power consistency and phase continuity. A configured window is split into more than one actual windows triggered by the event which violates power consistency and phase continuity. The size of actual window sizes may be much small than the size of the configured windows. 
[bookmark: _GoBack]According to the current working assumption of the actual TDW determination, if the end of the configured TDW is reached, the corresponding actual TDW also ends. These will result in a phenomenon that two back-to-back actual TDWs are small-sized and the total size may not exceed the maximum duration reported by UE or the L value configured by gNB, for example the actual TDW# 2 and the actual TDW#3 as shown in Figure 1. In this case, the gain of joint channel estimation may be poor. It is necessary to optimize the actual TDW mechanism to achieve a better JCE gain, for example, bundling the actual TDWs or extending the actual TDW to the latter configured TDW.



  Figure 1. An example of small-sized actual TDWs
Observation 1: It is not uncommon that two back-to-back actual windows are small-sized but the total size may not exceed the size of configured TDW, and the gain of the joint channel estimation is compromised. 
Proposal 2: For the back-to-back actual TDWs which are small-sized, study the optimization of actual TDW mechanism for a better JCE gain.



  Figure 2. An example of TDWs of PUSCH repetition type B
Assumed that the above PUSCH repetition type B transmissions is contained in a configured TDW, according to the current working assumption of the actual TDW determination, three non-back-to-back actual TDW are  split from the configured TDW, and JCE is performed over each actual TDW regardless of the size of the gap.  However, it is feasible for UE to maintain phase continuity when the gap is 13 symbols or less, and the joint channel estimation can be perform over a long TDW. It is also necessary to optimize the actual TDW mechanism to achieve a better JCE gain.
Proposal 3: For the non-back-to-back actual TDWs where the gap is not more than 13 symbols, Study the optimization of actual TDW mechanism for a better JCE gain.

2.3 Frequency hopping with bundling
The following agreement was made in RAN1#104-bis-e:
	Agreements (RAN1#104-bis-e):
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


However, we have a consensus that there are two kinds of TDWs, the configured TDW and the actual TDW, so the above agreements may need to be reinterpreted.
With the current specification, if inter-slot frequency hopping is enabled, the frequency domain resources of the adjacent PUSCH hop would be different, the necessary condition of joint channel estimation to keep phase continuity is not meet. Therefore, how to get a balance between the frequency hopping gain and JCE gain should be determined. 
Since the configured/actual time Domain Windows are designed, the frequency hopping interval can be implicitly derived based on the actual TDWs or the configured TDWs; if the bundling of actual TDWs or the bundling of configured TDWs is supported, the frequency hopping interval should be implicitly derived based on the bundling of TDWs. The frequency hopping interval can even be designed in combination with the actual window and the configuration window. For example, each configured window is associated with a frequency range that does not overlap with the others, the corresponding actual windows of each configuration window perform frequency hopping in the frequency range.

Proposal 4: The frequency hopping interval can be implicitly derived based the actual window and the configuration window or their bundling.

3. Conclusion
In this contribution, the following proposals have been made:
Proposal 1: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot should be supported.
Observation 1: It is not uncommon that two back-to-back actual windows are small-sized but the total size may not exceed the size of configured TDW, and the gain of the joint channel estimation is compromised. 
Proposal 2: For the back-to-back actual TDWs which are small-sized, study the optimization of actual TDW mechanism for a better JCE gain.
Proposal 3: For the non-back-to-back actual TDWs where the gap is not more than 13 symbols, Study the optimization of actual TDW mechanism for a better JCE gain.
Proposal 4: The frequency hopping interval can be implicitly derived based the actual window and the configuration window or their bundling.
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