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1. [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _GoBack]Introduction
In RAN1#104b e-meeting [1], several issues for joint channel estimation have been discussed, such as possible use case, time domain window, optimization of DMRS in time domain and DMRS bundling in inter-slot frequency hopping, etc., and following agreements have been made:
	Agreement:
· For back-to-back PUSCH transmissions 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 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 back-to-back PUSCH transmissions with different TBs
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:
· 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
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


The aforementioned issues for joint channel estimation are analyzed in this contribution.
2. Discussion on joint channel estimation for PUSCH coverage enhancement 
2.1 Use cases for joint channel estimation
In RAN1#104-e [2], following potential uses cases are agreed for joint channel estimation for PUSCH:
	Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.


In RAN1#104b-e, joint channel estimation has been supported for use case 3 with PUSCH transmissions cross consecutive slots for a same TB (both for repetition type A and B). However, whether joint channel estimation should be supported under other common use cases are still under discussion, such as 
· Back-to-back PUSCH transmissions across consecutive slots with different TB 
· Non-back-to-back PUSCH transmissions across consecutive slots
Thus, further analysis on above two cases are discussed as follows:
· Back-to-back PUSCH transmissions across consecutive slots with different TBs
It’s a very popular and valuable use case where different TBs are transmitted across consecutive slots with back-to-back PUSCH transmissions with following two common cases:
· A very high data rate is required for PUSCH transmission in coverage enhancement, such as 1Mbps for eMBB services, where number of repetitions is limited because it lower the throughput. Thus different TBs are transmitted with no or few repetitions across consecutive slots as shown in Fig. 1-a
· [image: ]A medium to low date rate is required for PUSCH transmission in coverage enhancement, such as 12.2 kbps for VoIP services, where different TBs with repetitions are transmitted across consecutive slots as shown in Fig.1-b.
[image: ]Figure 1-a. Coverage enhancement scenario with different TBs (no repetition) in consecutive slots
Figure 1-b. Coverage enhancement scenario with different TBs (with repetitions) in consecutive slots 
To enable joint channel estimation among different TBs of aforementioned common cases, as everyone acknowledges that the key point is phase continuity between multiple PUSCH transmissions, which is regardless of the same TB or different TBs. 
· Usually, for PUSCH repetition with a same TB, conditions for joint channel estimation can be met easily due to single scheduling DCI, such as same transmission power, same RB allocation, etc. 
· Compared to PUSCH transmissions for one TB, a very simple implementation is additionally required for joint channel estimation among different TB: 
· Scheduling of different TBs via multiple DCI are limited with phase continuity (e.g. same transmission powers, same RB allocation, etc.) and UE retains PA state between different TB transmissions. 
Moreover, there are many simulation results reported by multiple companies demonstrate significant gains by joint channel estimation and observations are captured in TR 38.830 [3] as follows:
	Fifteen sources (R1-2008874, R1-2007743, R1-2007954, R1-2008626, R1-2008399, R1-2008378, R1-2008559, R1-2009647, R1-2008026, R1-2007680, R1-2008419, R1-2009792, R1-2008479, R1-2009583, R1-2007583) evaluate the performance of joint channel estimation.
-	Eleven sources (R1-2008874, R1-2007743, R1-2008626, R1-2008399, R1-2008378, R1-2008026, R1-2007680, R1-2008419, R1-2009792, R1-2008479, R1-2007583) show 0.2~2.1 dB SNR gain for joint channel estimation over multiple slots for eMBB at 10% iBLER depending on the number of slots for FR1, compared to Rel-16 PUSCH transmission without joint channel estimation.
-	Three sources (R1-2009647, R1-2008559) show 0.9~1.3 dB SNR gain for joint channel estimation over multiple slots for VoIP at 2% rBLER depending on the number of slots for FR1, compared to Rel-16 PUSCH transmission without joint channel estimation.


where above contributions marked in red color provide observations of joint channel estimation among different TBs. 
Furthermore, by following simulation assumptions in Table 1, simulation result of joint channel estimation among different TBs across consecutive slots are illustrated in Fig.2 with the following observation:
Table 1. Parameter settings for joint channel estimation (FDD)
	Parameters
	Values

	Antenna configuration
	1T 64R 

	Channel model
	TDL-C

	UE speed
	3 km/h

	Delay spread
	300ns

	DMRS configuration per slot
	Type I, max-length=1, 1 DMRS symbol per slot

	DMRS multiple with data
	No

	Channel estimation method
	MMSE


[image: ]
Figure 2. Joint channel estimation with 1Mbps target data rate
Observation 1: By joint channel estimation across consecutive PUSCH transmissions of different TBs, a large coverage gain can be achieved as compared to the baseline of PUSCH transmissions without joint channel estimation, i.e., 1.4 dB and 2.1 dB SNR gains are obtained at 10% BLER for 2 and 3 slots joint channel estimation, respectively.
According to above presented simulation result and numbers of observations in SI phase, it’s very clear that a large gain can be achieved by joint channel estimation among different TBs, which needs no more further study (as it’s suggested by few companies).
Additionally, there are concerns that scheduling limitations among different TBs to enable joint channel estimation might degrade diversity gain, such as same RB allocations of different TBs for phase continuity might lose the diversity gain in frequency domain. However, given a large number of scheduled RBs with a requirement of target data rate, minor frequency diversity gain can be achieved by different RB allocations of different TBs. 
Thus, considering the great benefit of joint channel estimation among different TBs with very low cost, we have the following proposal:
Proposal 1: Joint channel estimation should be supported for back-to-back PUSCH transmission of different TBs across slots, subject to requirements of phase continuity provided by RAN4, e.g. the same PRB allocation among different TBs. 

· Non-back-to-back PUSCH transmissions across consecutive slots
It’s a very common case that there are some un-scheduled symbols or other transmitted signals between adjacent PUSCH transmissions, which leads to a non-back-to-back PUSCH transmissions across consecutive slots, for example:
· Scenario 1: Repetition type A with S=0 and L<14, where there are 14-L un-scheduled symbols between PUSCH transmissions
· Scenario 2: SRS or PUCCH transmitted between PUSCH transmissions, leading to a non-back-to-back PUSCH transmission
For scenario 1: Compared to back-to-back PUSCH transmissions, the only difference for non-back-to-back PUSCH transmissions in scenario 1 is that UE may put its PA into energy-saving state during X un-scheduled OFDM symbols between PUSCH transmissions, especially in case of large X values. The state switching of PA between non-back-to-back PUSCH transmissions introduces random phase rotations and affects the phase continuity for joint channel estimation. Thus, we have an observation that
Observation 2: Phase continuity for joint channel estimation can be also achieved for non-back-to-back PUSCH transmissions on the same conditions agreed in RAN4 LS for back-to-back PUSCH transmission and only one additional condition that UE PA state for the first PUSCH transmission is retained until the start of the next transmission at a potential cost of UE energy consumption.
Although retaining the UE PA state for phase continuity may cost a portion of UE energy consumption, but in return it can provide a significant coverage gain (e.g. 1~2 dB) with joint channel estimation among PUSCH transmissions as the observations captured in [3]. 
In light of above discussion, we have the following proposal:
Proposal 2: Joint channel estimation should be supported for non-back-to-back PUSCH transmissions, subject to the further confirmation of phase continuity provided by RAN4. 
· FFS: whether and how to minimize the UE energy consumption caused by retaining PA state for phase continuity between successive PUSCH transmissions

For scenario 2: Other signals or channels transmitted in-between PUSCH transmissions can affect the phase continuity, because it’s hard to ensure the same transmit power, same antenna port without antenna switching, etc., between other signals/channels and PUSCH transmissions. For example:
· If antenna switches with RF chains retuning ‘off’ and ‘on’, random phase rotation will be introduced in implementation and joint channel estimation can hardly be performed.  
· If power changes with PA switching to another amplifying state, random phase rotation will be introduced in implementation and joint channel estimation can hardly be performed.
It’s a very common case that SRS is transmitted frequently in-between PUSCH transmissions to assist measurements of uplink channels, however, for scenarios requiring coverage enhancement:
· One-port PUSCH transmission is typically configured to a UE by configuring one-port SRS resource, which means the SRS antenna port in any SRS transmission must be the same as PUSCH transmission for the UE. 
· Furthermore, for coverage limited scenarios (e.g. cell-edge UE) which needs coverage enhancement, a maximum transmission power will be used in uplink transmissions, the transmission power of SRS is the same as that of PUSCH transmission in configuration.
· For SRS transmitted between 1st and 2nd PUSCH transmissions, RB allocation of SRS may be different from that of PUSCH and leads to phase rotation from 1st PUSCH transmission to SRS transmission. However, the phase rotation for SRS transmission only last until the end of SRS transmission and thus has no impact on the phase continuity between the 1st and he 2nd PUSCH transmission because of the same RB allocation between two PUSCH transmissions. In shorts, the phase continuity between 1st and 2nd PUSCH with the same RB allocation can be ensured even SRS is transmitted in-between PUSCH transmissions. 
In light of above discussion, we have the following proposal:
Observation 3: If SRS has same transmission power and antenna port with PUSCH transmissions, phase continuity can be ensured between two PUSCH transmissions with same RB allocation, even a SRS with different RB allocation is transmitted in-between two PUSCH transmissions.
Proposal 3: Joint channel estimation should be supported for the very common scenario where SRS is transmitted in-between PUSCH transmissions
· FFS: Mechanism to support joint channel estimation for SRS transmitted in-between PUSCH transmissions.

2.2 Time domain window for joint channel estimation
In RAN1#104b-e, it’s agreed that a time window should be specified for joint channel estimation, during which a UE is expected to maintain phase continuity. As analyzed before, there are requirements for phase continuity such as the same transmission power, same RB allocation, no PA state switching and so on. Thus, if any aforementioned condition cannot be met, then phase continuity no more maintains, which impacts the determination of time domain window. For example:
· Time domain window can be determined based on time domain resource allocation: as shown in Fig.3, the time domain window is determined based on TDRA in FDD (Fig.3-a,b,c) and TDD (Fig.3-d,e):
· Fig 3-a: back-to-back PUSCH transmission with continuous TDRA is assumed for repetition type A, where phase continuity can be ensured among K repetitions, thus the time domain window is determined as K slots, starting from the 1st repetition.
· Fig 3-b: non-back-to-back PUSCH transmission with X un-scheduled symbols between PUSCH transmissions. When X is small and UE maintains PA state instead of turning into energy-saving mode on X-unscheduled symbols (needs RAN4’s further confirmation), phase continuity can be ensured and time domain window is determined as K slots, starting from the 1st repetition. 
· Fig 3-c: compared to Fig 3-b, there are a large value of X un-scheduled symbols between PUSCH transmissions and UE turns the PA into energy-saving mode on X-unscheduled symbols to save energy (needs RAN4’s further confirmation), where phase continuity no more maintains by PA state switching, thus multiple smaller time windows are determined, e.g. K time domain window for each repetition.
· Fig 3-d: if there are un-scheduled slot between PUSCH transmissions in TDD mode, phase continuity can hardly be ensured because UE will retuning into energy-saving mode during un-scheduled slots for power saving, thus only continuous transmissions can be determined as time domain windows, e.g. time domain window#1 and #2.
· Fig 3-e: the only difference between Fig 3-e and Fig 3-d is whether S slot is used in PUSCH transmissions. If S slot is used in TDD mode for PUSCH transmission, then time domain window is determined as ‘SU’ or ‘SUU’.
 [image: ]
Figure 3-a. FDD mode with a small number of X un-scheduled symbols
 [image: ]
Figure 3-b. FDD mode with a small number of X un-scheduled symbols
[image: ]
Figure 3-c. FDD mode with a large number of X un-scheduled symbols
[image: ]
Figure 3-d. TDD mode with un-scheduled slots between PUSCH transmissions (without S slot)
[image: ]
Figure 3-e. TDD mode with un-scheduled slots between PUSCH transmissions (with S slot)
· Time domain window can be determined based on frequency domain resource allocation: 
As shown in Fig.4, the time domain window is determined based on FDRA of consecutive PUSCH transmissions with different TBs, e.g. TB#1 with 2 repetitions and TB#2 with 4 repetitions. If RB allocations among different TBs are the different, phase continuity cannot be maintained due to phase rotation and it’s impossible to enable joint channel estimation among different TBs with a very large time domain window. Multiple small time domain window are determined implicitly for different TBs separately, e.g. time domain window#1 is 2 slots while time domain window #2 is 4 slots.
[image: ]
Figure 4. Multiple time domain window determined by different RB allocations 
· Time domain window can be determined based on transmission power: As shown in Fig. 5, variation of transmission power with PA state switching will impact the determination of time domain window.
· Fig 5-a: if there is dynamic indication of closed loop power adjustment and PA state switches, then a smaller time domain window is determined, e.g. the time domain window is 3 slots with rep#1~3, excluding the 4th slot with the 4th repetition with a different transmission power to that of rep#1~3.
· Fig 5-b: if power of other signals (e.g. SRS) transmitted between consecutive PUSCH transmissions is different to that of PUSCH transmissions and leads to PA state switching, then phase continuity no more maintains and multiple smaller time domain windows are determined implicitly, e.g. time domain window#1 is 2 slots from slot 1~2 with same power (before SRS transmissions), time domain window#2 is 2 slots from slot 3~4 (after SRS transmission).
[image: ]
Figure 5-a. Different transmission power by dynamic indication
[image: ]
Figure 5-b. Different transmission power by other signals between PUSCH transmissions

Overall, time domain window can be determined implicitly by the duration of phase continuity, where dis-continuous time domain resource allocation, different RB allocations, different transmission powers with PA state switching, etc., will impact the phase continuity and determine multiple time domain windows.
Proposal 4: For joint channel estimation among multiple PUSCH transmissions, time domain window is determined implicitly by the duration of phase continuity.
· Dis-continuous time domain resource allocation, different RB allocations, different transmission powers with PA state switching, etc., will impact the phase continuity and determine multiple time domain windows.
Furthermore, some UE RF managements are up to UE implementation and not specified, such as UE calibration, antenna virtualization, etc., to ensure normal transmissions without serious performance loss in implementation. Therefore, the determination of time domain window should consider the potential periodic UE implementations. For example, antenna virtualization is used to select optimal antenna ports where multiple measurements at different antenna chain will be performed with a certain time period (e.g. 40/80/160/… ms) to obtain comprehensive status information. However, above UE implementations will break phase continuity. If a too large time domain window is determined without aforementioned necessary UE behaviors, then UE cannot have comprehensive status information and this may lead to performance degradation. Considering the above, the duration length of the time domain window should be limited to allow for necessary UE behaviors such as UE calibration, antenna virtualization, etc.
Proposal 5: For joint channel estimation among multiple PUSCH transmissions, the maximum size of the time domain window should be limited.

For the unit of time domain window, it can be determined under different use cases, for example:
· The unit of time domain window for PUSCH repetition type A can be slots or repetitions.
· The unit of time domain window for PUSCH repetition type B can be symbols or repetitions, where the time domain window consists of K*L consecutive symbols (K is the number of repetitions and L is scheduled number of symbols for one repetition).
· The unit of time domain window for TBoMS with repetition type A-like TDRA can be slots and the unit of time domain window for TBoMS with repetition type B-like TDRA can be symbols.
· The unit of time domain window for different TBs can be slots or symbols. 
Thus, we have the following proposal:
Proposal 6: The unit of time domain window is determined according to use cases, for example:
· The unit of time domain window for PUSCH repetition type A can be slots or repetitions
· The unit of time domain window for PUSCH repetition type B can be symbols or repetitions
· The unit of time domain window for TBoMS with repetition type A-like TDRA can be slots
· The unit of time domain window for TBoMS with repetition type B-like TDRA can be symbols
· The unit of time domain window for different TBs can be slots or symbols. 

2.3 DMRS optimization in time domain for joint channel estimation
Evaluation results of baseline coverage performance in SI phase show that TDD mode is the most coverage limited scenario due to few available UL resources. Thus, a further enhancement for joint channel estimation is expected in TDD mode. For example:
DMRS can be placed in the uplink symbols in special slot, and the DMRS can be used for joint channel estimation with subsequent PUSCH transmissions to achieve a more accurate channel estimation without occupying the resources of PUSCH data in UL slot. As shown in Fig. 3, a typical TDD frame structure ‘DDDSUDDSUU’ is used with 2 (or 1) uplink symbols in special slot. 
· S slot with 1 orphan UL symbol cannot be fully utilized either by PUSCH repetition type A or B, thus S slot is not considered for joint channel estimation, there will be resource waste of the precious uplink symbol in S slot.
· S slot with more UL symbols cannot be fully utilized for PUSCH repetition type A due to its strict TDRA limitation where each PUSCH repetition is expected to occupy the same location of start uplink symbol and same number of contiguous uplink symbols in all slots.
[image: ]
Figure 6. Joint channel estimation with S slot located with DMRS
Compared to the baseline where joint channel estimation is only performed between last 2 ‘UU’ slots, in this TDD configuration, additional DMRS can be placed in the S slot to make better joint channel estimation among ‘SU’ and ‘SUU’ slots and has no impacts on resource allocation for subsequent data transmissions. 
By following the simulation assumptions in Table 2 [2], the simulation results of joint channel estimation with utilization of additional DMRS in S slot are presented in Fig. 4.
Table 2. Parameter settings for joint channel estimation (TDD: DDDSUDDSUU)
	Parameters
	Values

	Antenna configuration
	1T 4R 

	Channel model
	TDL-C

	UE speed
	3 km/h

	Delay spread
	300ns

	DMRS configuration in UL slot
	1 single DMRS v.s. 2 single DMRS

	DMRS configuration in S slot
	1 single DMRS v.s. 2 single DMRS

	Residual frequency offset error
	0.1 PPM (fc=4GHz, TDD, offset value=400Hz)

	DMRS multiple with data
	No

	Channel estimation method
	MMSE

	TB size
	184 bit (target date rate:100kbps)


As we can observe from the simulation results, the utilization of S slot contributes a lot to a better uplink performance with following observations:
· Compared to the baseline of UL slot with 1 DMRS without joint channel estimation
· Joint channel estimation with 1 DMRS in S slot can obtain 0.75dB gain
· Joint channel estimation with 2 DMRS in S slot can obtain 1.3dB gain.
· Compared to the baseline of UL slot with 2DMRS without joint channel estimation
· Joint channel estimation with 1 DMRS in slot can obtain 0.45dB gain
· [image: ]Joint channel estimation with 1 DMRS in slot can obtain 0.65dB gain
Figure 7. Simulation results of joint channel estimation with S slot located with DMRS
Observation 4: joint channel estimation by utilization of DMRS located S slot in TDD (‘DDDSUDDSUU’) can improve the performance of PUSCH transmissions:
· Compared to the baseline of UL slot with 1DMRS without joint channel estimation, 0.75dB and 1.3dB gain can be obtained by joint channel estimation with S slot of 1 DMRS and 2DMRS, respectively.
· Compared to the baseline of UL slot with 2DMRS without joint channel estimation, 0.45dB and 0.65dB gain can be obtained by joint channel estimation with S slot of 1 DMRS and 2DMRS, respectively.

Although the special slot can be used for PUCCH or SRS transmission, which makes it unavailable for PUSCH joint channel estimation occasionally, it’s worthwhile to further study the utilization mechanism of special slot, where a significant gain can be obtained from the utilization of either 1 or 2 DMRS located special slot (from ‘Observation 3’). Thus, we have the following proposal:
Proposal 7: DMRS located special slot should be supported for joint channel estimation.
· FFS: utilization mechanism of special slot for PUCCH transmission, SRS transmission or located as DMRS for PUSCH joint channel estimation.

2.4 DMRS bundling in inter-slot frequency hopping for joint channel estimation
In RAN1#104b-e, there are two options for DMRS bundling size with following agreements
	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


For DMRS bundling, the phase continuity should be maintained during the bundle size to enable joint channel estimation for coverage enhancement. As we can see, phase continuity is the key point for both DMRS bundling size in inter-slot frequency hopping and aforementioned time domain window which are determined implicitly by duration of phase continuity, thus option1 is preferred that the bundle size (time domain hopping interval) equals to the time domain window size. For example:
[image: ]As shown in Fig. 8, a DMRS bundling size of K=2 slots is determined with above frequency hopping pattern. As phase continuity can be ensured among slot#1~2, a time domain window#1 of 2 slots is determined. Similarly, a time domain window#2 of 2 slots (e.g. slot#3~4) is determined with phase continuity. Clearly, the DMRS bundling size equal that of time domain window, during which phase continuity is maintained.
Figure 8. DMRS bundling size with inter-slot frequency hopping
In light of above discussion, we have the following proposal:
Proposal 8: The DMRS bundle size (time domain hopping interval) in inter-slot frequency hopping should equal to the time domain window size.

3. Conclusions 
Observation 1: By joint channel estimation across consecutive PUSCH transmissions of different TBs, a large coverage gain can be achieved as compared to the baseline of PUSCH transmissions without joint channel estimation, i.e., 1.4 dB and 2.1 dB SNR gains are obtained at 10% BLER for 2 and 3 slots joint channel estimation, respectively.
Observation 2: Phase continuity for joint channel estimation can be also achieved for non-back-to-back PUSCH transmissions on the same conditions agreed in RAN4 LS for back-to-back PUSCH transmission and only one additional condition that UE PA state for the first PUSCH transmission is retained until the start of the next transmission at a potential cost of UE energy consumption.
Observation 3: If SRS has same transmission power and antenna port with PUSCH transmissions, phase continuity can be ensured between two PUSCH transmissions with same RB allocation, even SRS is transmitted in-between two PUSCH transmissions.
Observation 4: joint channel estimation by utilization of DMRS located S slot in TDD (‘DDDSUDDSUU’) can improve the performance of PUSCH transmissions:
· Compared to the baseline of UL slot with 1DMRS without joint channel estimation, 0.75dB and 1.3dB gain can be obtained by joint channel estimation with S slot of 1 DMRS and 2DMRS, respectively.
· Compared to the baseline of UL slot with 2DMRS without joint channel estimation, 0.45dB and 0.65dB gain can be obtained by joint channel estimation with S slot of 1 DMRS and 2DMRS, respectively.

Proposal 1: Joint channel estimation should be supported for back-to-back PUSCH transmission of different TBs across slots, subject to requirements of phase continuity provided by RAN4, e.g. the same PRB allocation among different TBs. 
Proposal 2: Joint channel estimation should be supported for non-back-to-back PUSCH transmissions, subject to the further confirmation of phase continuity provided by RAN4. 
· FFS: whether and how to minimize the UE energy consumption caused by retaining PA state for phase continuity between successive PUSCH transmissions
Proposal 3: Joint channel estimation should be supported for the very common scenario where a SRS with different RB allocation is transmitted in-between PUSCH transmissions
· FFS: Mechanism to support joint channel estimation for SRS transmitted in-between PUSCH transmissions.
Proposal 4: For joint channel estimation among multiple PUSCH transmissions, time domain window can be determined implicitly by the duration of phase continuity.
· Dis-continuous time domain resource allocation, different RB allocations, different transmission powers with PA state switching, etc., will impact the phase continuity and determine multiple time domain windows.
Proposal 5: For joint channel estimation among multiple PUSCH transmissions, the maximum size of the time domain window should be limited.
Proposal 6: The unit of time domain window is determined according to use cases, for example:
· The unit of time domain window for PUSCH repetition type A can be slots or repetitions
· The unit of time domain window for PUSCH repetition type B can be symbols or repetitions
· The unit of time domain window for TBoMS with repetition type A-like TDRA can be slots
· The unit of time domain window for TBoMS with repetition type B-like TDRA can be symbols
· The unit of time domain window for different TBs can be slots or symbols. 
Proposal 7: DMRS located special slot should be supported for joint channel estimation.
· FFS: utilization mechanism of special slot for PUCCH transmission, SRS transmission or located as DMRS for PUSCH joint channel estimation.
Proposal 8: The DMRS bundle size (time domain hopping interval) in inter-slot frequency hopping should equal to the time domain window size.
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