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1. Introduction
In the RAN1#106-e meeting, several issues for channel estimation have been discussed. Such as use cases, time domain window, DMRS optimization in time domain, 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 and #106 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 repetition type B within one slot with different TBs 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 (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 non-back-to-back PUSCH transmission across consecutive slots (of the same TB) for repetition type A and type B is supported. 
However, whether joint channel estimation should be supported under other use cases are still under discussion, such as 
· over back-to-back PUSCH transmissions across consecutive slots
· Transmission with different TBs
· TBoMS
· over non-back-to-back PUSCH transmissions across consecutive slots
[bookmark: _GoBack]#1: Back-to-back PUSCH transmissions across consecutive slots with different TBs 
For back-to-back PUSCH transmissions across consecutive slots, PUSCH transmissions with different TBs can suitable for high date rate traffic, e.g. eMBB service. The key requirements are to keep power consistency and phase continuity. These requirements would have the same impact on specifications for back-to-back PUSCH transmissions with the same TB and different TBs. We propose joint channel estimation should support back-to-back PUSCH transmissions across consecutive slots with different TBs.
Proposal 1: Joint channel estimation should support back-to-back PUSCH transmission across consecutive slots with different TBs.
#2: Back-to-back PUSCH transmissions across consecutive slots for TBoMS
A higher data rate is required for PUSCH transmission in coverage enhancement, such as eMBB services. The mainly motivation of TBoMS introduced for PUSCH coverage enhancement is to obtain lower code rate and higher PSD within a narrowband. However, for higher date rate service, the number of slots for TBoMS should be limited due to it lower the throughput. Thus joint channel estimation is a good way to enhance the coverage performance in this case. 
Proposal 2: Joint channel estimation should support back-to-back TBoMS PUSCH transmission across consecutive slots. 
#3：Non-back-to-back PUSCH transmissions across consecutive slots with other uplink transmissions
From the RAN4 LS reply, if the gap is less than 14 symbols, the feasibility of maintaining phase and power condition has been confirmed when UE is not required to meet the existing off power requirements. When over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot, however, the maintain power consistency and phase continuity among PUSCH transmissions could not satisfied. 
Proposal 3: 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 not supported. 
2.2 Time domain window
The time domain window for PUSCH repletion type A has been discussed in last RAN#1 meeting. The following agreement and working assumption were achieved. 
	Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· 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.
Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
· Each configured TDW consists of one or multiple consecutive physical slots.
· The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
· FFS: The maximum value of L is the duration of all repetitions
· FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
· FFS: The window length L is configured per UL BWP
· The start of the first configured TDW is the first PUSCH transmission
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity
· FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
· If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event,
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
· FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above.
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.


·  TDW for PUSCH repetition type A
The motivation for introducing time domain window is that UE is expected to maintain power consistency and phase continuity among PUSCH transmissions during the 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. For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, the gap is no more than 14 un-scheduled OFDM symbols and no downlink reception in the gap.
When only one time domain window configured for all repetitions, UE should meet the requirements from RAN4 LS among the whole transmission. It is also difficult in TDD case and frequency hopping. As a results, multiple TDWs should be configured and the start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration. In addition, the end of the last configured TDW is the end of the last PUSCH transmission.
Proposal 4: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The unit of TDW
In our view, the selection of unit should be based on the transmission pattern. For different PUSCH transmissions, it is not recommended to use uniform TDW units other than slot. We suggest the TDW may be specified using units of:
· For PUSCH repetition type A:  slot, repetition
· For PUSCH repetition type B:  slot, nominal repetition and/or actual repetition
· For different TBs: 		      slot, TB
· For TBoMS: 	                   slot, or a single time domain window across the entire TB
Proposal 5: Different TDW units are applied to each PUSCH transmission pattern.
2.3 Inter-slot frequency hopping with inter-slot bundling
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, to get a balance between the frequency hopping gain and JCE gain, the frequency hopping bundling should be support. 
In R15/R16, the frequency hopping pattern is based on slot or repetition, as shown in the following figures. Since the FH bundling pattern must be consistent with the frequency hopping pattern, the bundling mode should be implicitly indicated by the FH mode. 



Figure 1. PUSCH repetition type A with inter-slot FH


Figure 2. PUSCH repetition type B with inter-slot FH



Figure 3. PUSCH repetition type B with inter-repetition FH

Proposal 6: the hopping bundling mode should be implicitly indicated by the frequency hopping mode.

Due to the same requirements of power consistency and phase continuity for both FH Bundling and Time Domain Window, there is a correlation between their sizes. 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 setting of the bundle size should taking account the frequency mode, the total number of repetition etc. Therefore, option 2 is preferred.
Proposal 7: The bundle size (time domain hopping interval) can be different from the time domain window size.
However，a conflict may exist when they are set separately. For example, if TDW size is 3 slot and the bundle size is 2 slot, the PUSCH frequency hopping after 2 slot will change the phase in TDW window. It is recommended a set of rules should be defined between the configurations of the bundle size and the TDW size. For example, giving a higher priority for the bundle size, when they are configured, the higher-priority bundle takes effect.
Proposal 8: Suggest to define a set of rules between the configurations of the bundle size and the TDW size. 
3. Conclusion
In this contribution, the following proposals have been made:
Proposal 1: Joint channel estimation should support back-to-back PUSCH transmission across consecutive slots with different TBs.
Proposal 2: Joint channel estimation should support back-to-back TBoMS PUSCH transmission across consecutive slots. 
Proposal 3: 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 not supported. 
Proposal 4: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
Proposal 5: Different TDW units are applied to each PUSCH transmission pattern.Proposal 6: the hopping bundling mode should be implicitly indicated by the frequency hopping mode.
Proposal 6: the hopping bundling mode should be implicitly indicated by the frequency hopping mode.
Proposal 7: The bundle size (time domain hopping interval) can be different from the time domain window size.
Proposal 8: Suggest to define a set of rules between the configurations of the bundle size and the TDW size. 
References
[1] 3GPP RAN1 Chair’s Notes RAN1#106-e
[2] R1-2108644 Summary of email discussion on joint channel estimation for PUSCH

image1.emf
Rep#1 Rep#2 Rep#3


Microsoft_Visio___.vsdx

Rep#1
Rep#2
Rep#3




image2.emf
Nominal 

Rep#1

Nominal 

Rep#2

Nominal 

Rep#3

Nominal 

Rep#4

Nominal 

Rep#5


Microsoft_Visio___1.vsdx

Nominal Rep#1
Nominal Rep#2
Nominal Rep#3
Nominal Rep#4

Nominal Rep#5



image3.emf
Nominal 

Rep#1

Nominal 

Rep#2

Nominal 

Rep#3

Nominal 

Rep#4

Nominal 

Rep#5


Microsoft_Visio___2.vsdx

Nominal Rep#1
Nominal Rep#2
Nominal Rep#3
Nominal Rep#4

Nominal Rep#5



