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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#105 e-meeting, several issues for joint channel estimation have been discussed, such as possible use case, time domain window, and DMRS optimization in time domain, etc., and some agreements have been made [1]. Based on these agreements, this contribution continues to discuss these issues.
2. Discussion on joint channel estimation for PUSCH coverage enhancement 
2.1 Use cases for joint channel estimation
In RAN1#104b and #105 e-meeting, some agreements about use cases for joint channel estimation have been reached, which could be concluded in the following： 
· 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 with repetition type B within one slot is supported.
· Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported.
· Joint channel estimation over back-to-back PUSCH transmissions (of the same TB) with repetition type B and repetition type A across consecutive slots is supported.(WA)
· Joint channel estimation over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A and repetition type B is supported (at least when there is no UL transmission between the two successive PUSCH transmissions)
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
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 with different TBs 
· over non-back-to-back PUSCH transmissions across consecutive slots 
· for repetition type A and repetition type B when there is UL transmission between the two successive PUSCH transmissions
· for TBoMS and different TBs
Thus, further analysis on above 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 higher 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. and in this case the transport block can be up to 1000 bits per slot for FDD and 2500 bits for TDD (considering the TDD configuration), and the TBoMS and repletion with larger repetition number cannot give too much gain. JCE is only way to increase the coverage of this case in the scope of the R17 coverage enhancement WI.
· [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. And this is a BS implementation.
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 [2] 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: ]
Fig.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 a number of 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, because in the simulation during the SI, for 1Mbps, up to 20 RBs for FDD and 32 RBs for TDD is assumed.
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
In non-back-to-back PUSCH transmissions across consecutive slots case when there is no UL transmission between the two successive PUSCH transmissions, for TBoMS and with different TBs, compared to repetition type A and repetition type B, there is no difference on phase continuity for joint channel estimation. Thus, we think the joint channel estimation over non-back-to-back PUSCH transmissions for TBoMS and different TBs should also be supported at least when there is no UL transmission between the two successive PUSCH transmissions.
Proposal 2: Joint channel estimation should be supported for non-back-to-back PUSCH transmissions with all cases including TBOMS or different TBs at least when there is no UL transmission between the two successive PUSCH transmissions.
The second question should be discussed is whether joint channel estimation over non-back-to-back PUSCH transmissions is supported when there is UL transmission, such as SRS or PUCCH, transmitted between PUSCH transmissions. 
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 2: 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
Two alternatives for time domain window determination for PUSCH have been agreed to be down selected as follows:
	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.


The definition of maximum duration is that a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements for PUSCH. Based on the maximum duration, above two alternatives for time domain window determination for PUCCH repetitions are discussed here.
For Alt.1, considering the non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum, and considering the definition of maximum duration，one time domain window cover all the repetitions could not guarantee the power consistency and phase continuity in most cases, which means joint channel estimation could not be realized in most case. So Alt.1 is not a better choice.
For Alt.2, considering the non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum, and considering the definition of maximum duration，the time domain window can be determined as following steps:
Step 1： The start positions of time domain windows can be determined as:
· The start position of the first time domain window is the first available slot allocated for PUSCH repetitions;
· The start positions of the other time domain windows are the first available slot after the last time domain window.
Step 2： The length of time domain window should be determined according to the conditions of power consistency and phase continuity agreed by RAN4, which could be listed as below:
· Condition 1: The length of each window is no longer than the maximum duration;
· Condition 2: Each time domain window could not include the DL slot/symbols configured by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated between PUSCH repetitions.
UE will retuning into energy-saving mode during the un-scheduled slots for power saving, and the power consistency can hardly be ensured. So the DL slots should be precluded in each time domain windows. As shown in Fig. 3, assuming 8 PUSCH repetitions are indicated, then two time domain windows are determined for 8, where the downlink slots are precluded.
[image: ]
Fig.3. Time domain window determination based on condition 2
· Condition 3: Each time domain window could not include other UL signals or channels (e.g., PUCCH with higher priority, etc.) with different transmitting powers, frequency domain resource allocations, and antenna ports between PUSCH repetitions.
The power consistency and phase continuity will be broken in these cases. So the symbols allocated for these signals or channels are precluded in each time domain windows. As shown in Fig. 4, assuming 8 PUSCH repetitions are indicated, a PUCCH with higher priority in the 5th slot, two time domain windows are determined, and the symbols allocated for other UL signals or channels are precluded.
[image: ]
Fig.4. Time domain window determination based on condition 3
· Condition 4: The frequency domain resource allocations (FDRA) in each time domain window should be same.
The FDRA switching will break the phase continuity due to phase rotation, such as frequency hopping for PUSCH repetitions. So frequency domain resource allocations (FDRA) in each time domain window should be same. As shown in Fig. 5, assuming 8 PUSCH repetitions are indicated, two time domain windows are determined. 
[image: ]
Fig.5. Time domain window determination based on condition 4
· Condition 5: The TPMI precoder across PUSCH transmissions in each window should be same.
According to the LS from RAN4 [3], applying the same TPMI precoder across PUSCH transmissions is necessary condition to apply joint channel estimation. So we think the TPMI precoder across PUSCH transmissions in each window should be same.
Proposal 4：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 time domain windows：
‐	For the start of each window,
· The start of the first window is the first PUSCH transmission.
· The starts of other windows are the first available slot after the last time domain window.
‐	For the length of each window, it should be determined according to the conditions of power consistency and phase continuity agreed by RAN4.

[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK120][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK100][bookmark: OLE_LINK101]In order to maintain power consistency and phase continuity, the power adjustments need be disabled during a time domain window, which may include multiple transmission occasions. However, in Rel-15/Rel-16, the PUSCH power control is performed per transmission occasion. For example,  is the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion  if the UE is not provided tpc-Accumulation, where 
‐ The  values are the TPC command values indicated by DCI format 0_x or DCI format 2_2.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]‐  is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion .
[bookmark: OLE_LINK123]Considering continuous PUSCH transmission or PUSCH with repetitions, the reference transmission occasion  is the first one before the transmission occasion , i.e., . As shown in Fig. 6,  if joint channel estimation is disabled. However, to maintain power consistency during the time domain window, the TPC commands before the transmission occasion 4 is are lost and , which leads to inaccurate power control.
[image: ]
Fig. 6. TPC commands Accumulation with/without joint channel estimation
[bookmark: OLE_LINK77][bookmark: OLE_LINK76][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]When joint channel estimation is enabled, a larger window size means a longer adjustment period and convergence time of power control, which maybe lead to larger power control deviation. To obtain correct transmit power for each time domain window, some optimization of power control adjustment mechanism for joint channel estimation may be necessary. The following solutions can be considered:
· [bookmark: OLE_LINK11][bookmark: OLE_LINK9]Alt 1: Receiving and accumulating TPC commands without taking effect during the current time domain window.
· Alt 2: Modifying the TPC commands accumulation range so that power control is performed per timw domain window.
Proposal 5: Optimization of power control adjustment mechanism for joint channel estimation may need to be considered:
· Alt 1: Receiving and accumulating TPC commands without taking effect during the current time domain window.
· Alt 2: Modifying the TPC commands accumulation range so that power control is performed per time domain window.

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. 7, 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: ]
[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Fig. 7. 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 [4], the simulation results of joint channel estimation with utilization of additional DMRS in S slot are presented in Fig. 8.
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
Fig. 8. Simulation results of joint channel estimation with S slot located with DMRS
[bookmark: OLE_LINK75]Observation 3: 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 6: 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.

3. Conclusions 
In this contribution, our views on joint channel estimation are provided with observations and proposals as follows,
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: 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.
Observation 3: 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 with all cases including TBOMS or different TBs at least when there is no UL transmission between the two successive 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.
Proposal 4：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 time domain windows：
‐	For the start of each window,
· The start of the first window is the first PUSCH transmission.
· The starts of other windows are the first available slot after the last time domain window.
‐	For the length of each window, it should be determined according to the conditions of power consistency and phase continuity agreed by RAN4.
Proposal 5: Optimization of power control adjustment mechanism for joint channel estimation may need to be considered.
· Alt 1: Receiving and accumulating TPC commands without taking effect during the current time domain window.
· Alt 2: Modifying the TPC commands accumulation range so that power control is performed per time domain window.
Proposal 6: 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.
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