


[bookmark: OLE_LINK26][bookmark: OLE_LINK25]3GPP TSG RAN WG1 #104-e	                                                                                        R1-2100459
e-Meeting, January 25th – February 5th, 2021

Source:	vivo
Title:	Discussion on Joint channel estimation for PUSCH
[bookmark: _GoBack]Agenda Item:	8.8.1.3
Document for:	Discussion and Decision
1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN#90 e-meeting, the work item description of NR coverage enhancements has been approved [1]. An objective is considered as mechanism(s) to enable joint channel estimation as follow:
	· 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]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]


[bookmark: OLE_LINK3]In this contribution, we will analyze and discuss the mechanisms of enabling joint channel estimation.
2. Granularity for DMRS bundling
PUSCH repetition transmission can be transmitted in consecutive occasions. Therefore, joint channel estimation can take advantage of DMRS symbols of several transmission occasions for better performance, especially in channel with low doppler spread/shift. We conduct the performance evaluation, and joint channel estimation based on PUSCH repetition type A is assumed. The simulation results are provided in figure 1and simulation assumptions can be found in Table 1 in Annex.
[image: C:\Users\Administrator\AppData\Roaming\vchat\ChatFiles\2021-01\35dd0b4c-f2ad-4ff6-b825-42e367cefcb7.bmp]
[bookmark: _Ref39856031][bookmark: _Ref39856026]Figure 1. Performance of PUSCH repetitions with and without joint channel estimation
It can be observed that the performance improvement of joint channel estimation is more remarkable with the increasing of number of repetitions/slots. And in this particular case of 24 repetitions with joint channel estimation, the performance almost closes to the performance of 32 repetitions without joint channel estimation. That is, enabling joint channel estimation could be an efficient solution compared with simply increasing number of  repetitions. 
[bookmark: _Hlk61433454][bookmark: _Hlk61441556]To implement joint channel estimation at gNB, phase continuity across the PUSCH transmission occasions should be ensured at UE first. It is known that if the transmission power is changed in a certain time duration, which may break the phase continuity. Besides, if there is a large time gap between UL transmission occasions, phase continuity may also difficult to maintain even though under a constant transmission power. Meanwhile, precoder and spatial Tx filter settings also have effects on signal phase continuity. 
To maintain the phase continuity for PUSCH transmissions, some UE implementation may be changed compared with a Rel-16 UE. For example, UE may adjust TA, Tx precoder/spatial filter change and apply updated measured pathloss in any of PUSCH occasion by UE implementation in Rel-16, and gNB is expected to use separate channel estimation on each PUCCH repetition, since phase continuity is not required. However, there would be some restrictions on UE implementations if UE is required to ensure phase continuity in certain duration, in which TA adjustment, Tx precoder/spatial filter change and applying updated measured pathloss should be avoided.
[bookmark: OB2]Observation 1: Some UE behaviors should be avoided to ensure phase continuity in the duration for PUSCH transmissions. The behaviors may include the following
· TA adjustment;
· Tx precoder/spatial filter change;
· Applying updated measured pathloss.
In current specification, the DMRS pattern depends on TDRA field for data transmission. That is, the granularity of channel estimation is restricted to be up to a slot due to the limitation of TDRA. Considering the association between joint channel estimation and DMRS bundling, the mechanism to determine the duration of DMRS bundling needs to be further studied to support the flexible duration of enabling joint channel estimation.
Proposal 1: The mechanism to determine the DMRS bundling size should be considered.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Due to the limitation of UL resources in TDD systems, large number of repetitions will span quite long transmission duration. If joint channel estimation over all repetitions is enabled at gNB, the detection could not proceed until the last DMRS symbol is received. Hence, the processing latency would be increased and larger buffer size is required at receivers. Besides, in fading channel with high doppler spread, long duration of enabling joint channel estimation would not bring in significant gain, even leading to degraded performance. Therefore, NW may indicate UE the time granularity for PUSCH DMRS bundling, which may reflect the gNB receiver settings in terms of time duration to perform joint channel estimation. On the other hand, keep UL transmission with phase continuity and power consistency in the duration should be a kind of UE capability. And the UE capability, in terms of duration for which phase continuity is maintained maybe limited. Thus, it is reasonable for UEs to report the capability to the network for better configuration.
Proposal 2: The time granularity for DMRS bundling is configurable, and NW provide the granularity based on UE capability.
[bookmark: OB3_1]Proposal 3: UE can report capability on whether UE can ensure phase continuity for UL transmission across multiple occasions, and how long UE can maintain the phase continuity.

Nevertheless, consecutive PUSCH transmissions can be interrupted by dynamic SFI or cancellation indications, higher priority transmissions in current mechanism. Thus, phase continuity and power consistency to enable joint channel estimation can not be ensured. Besides, UE transmit power may be impacted by other procedures. If UE is configured with CA and indicated to transmit PUSCH repetition transmission coherently in the first serving cell, and UE is indicated to transmit on a second serving cell which starts during the PUSCH repetition transmission, UE may need to adjust transmission power on the first serving cell, which may damage the phase continuity and power consistency.  In above cases, the time duration for DMRS bundling transmission will be reduced compared with that without interruptions, as illustrated in Figure 2.


(a) Contiguous transmissions interrupted by SFI/CI/other transmission


(b) Tx power change due to transmission on another serving cell
Figure 2. DMRS bundling impacted by other transmissions/procedures
In these cases, the UE behavior should be clarified if phase continuity can not be ensured within the duration for PUSCH transmissions with DMRS bundling. Whether and how to ensure phase continuity in these cases should be discussed. 
Proposal 4: PUSCH transmissions with DMRS bundling may be interrupted by other transmissions/procedures, and whether and how to ensure phase continuity in these cases should be further studied. The interruptions can be caused in the following cases
· PUSCH transmissions is cancelled by SFI, CI or higher priority transmissions,
· UL transmission in another serving cell, when intra band CA is configured.
3. DMRS bundling size and frequency hopping granularity
If frequency hopping is enabled, phase continuity may not be guaranteed among hops due to the difference of frequency position. But phase continuity can still be ensured within the duration of each hop depending on other issues discussed above. It is well-known that intra-slot/inter-slot hopping and inter-slot/inter-repetition hopping are supported in Rel-16. In order to explore the benefit of joint channel estimation, frequency hopping granularity can be extended, rather than limited within a slot or one repetition. The time domain granularity for frequency hopping can be determined considering the DMRS bundling granularity. For example, if DMRS bundling granularity is 2 slots, as indicated by NW. The time domain granularity for frequency hopping can also be set to 2 slots. As shown in Figure 3, better performance can be expected since benefit from frequency hopping and joint channel estimation can be obtained at the same time.

 
Figure 3. Example of frequency hopping with inter-slot bundling
However, the time duration for frequency hopping and DMRS bundling should also take the frame structure into consideration. For example, in TDD spectrum with DDDSUDDSUU frame structure, if time domain granularity of frequency hopping/DMRS bundling is set to 2 slots, there is no enough UL resources in the first half of frame, while 2 consecutive slots are available in the second half of the frame. In this case, the granularity of frequency hopping/DMRS bundling can take the available slots into consideration. As shown in Figure 4, bundling size is 1 and 2 slot(s) in first half of frame and second half of the frame, respectively. In this case, benefit from both DMRS bundling and frequency hopping can be obtained.
Similarly, for cases DMRS bundling is enabled without frequency hopping, the DMRS bundling size can also be determined by taking the frame structure into consideration.
Proposal 5: Support frequency hopping with inter-slot bundling to enable joint channel estimation. 
Proposal 6: The time domain granularity of frequency hopping/DMRS bundling size can be determined in consideration of available resources.


Figure 4. Example of frequency hopping with inter-slot bundling in frame structure DDDSUDDSUU 

4. DMRS bundling with DMRS overhead optimization
As described above, the time domain DMRS pattern is restricted within a slot due to the limitation of TDRA. Since better receiver performance can be achieved through DMRS bundling/joint channel estimation, it also provides the possibility of optimizing the DMRS overhead. For example, in time non-selective fading channel, less DMRS symbols in time domain are enough to obtain the desired performance of joint channel estimation. Lower DMRS overhead could bring in better performance due to lower coding rate. As shown in Figure 5, we conduct the simulation evaluation on the performance of repetition transmission with different DMRS overhead, based on joint channel estimation within DMRS bundling. The granularity of DMRS bundling is aligned with the number of repetitions. The main simulation assumptions are provided in Table 2 in Annex. 
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Figure 5. Comparison of repetitions transmission with different overhead
It can be observed that joint channel estimation within DMRS bundling size can achieve better performance, and more benefits are brought by lower coding rate, compared to the loss caused by lower channel estimation accuracy due to lower DMRS density in time domain.
Proposal 7: If DMRS bundling is supported, optimization on DMRS overhead in time domain can be considered.

5. Conclusion
In this contribution, we analyze and discuss the mechanisms of enabling joint channel estimation, and have the following observations and proposals: 
Observation 1: Some UE behaviors should be avoided to ensure phase continuity in the duration for PUSCH transmissions. The behaviors may include the following
· TA adjustment;
· Tx precoder/spatial filter change;
· Applying updated measured pathloss.
Proposal 1: The mechanism to determine the DMRS bundling size should be considered.
Proposal 2: The time granularity for DMRS bundling is configurable, and NW provide the granularity based on UE capability.
Proposal 3: UE can report capability on whether UE can ensure phase continuity for UL transmission across multiple occasions, and how long UE can maintain the phase continuity.
Proposal 4: PUSCH transmissions with DMRS bundling may be interrupted by other transmissions/procedures, and whether and how to ensure phase continuity in these cases should be further studied. The interruptions can be caused in the following cases
· PUSCH transmissions is cancelled by SFI, CI or higher priority transmissions,
· UL transmission in another serving cell, when intra band CA is configured.
Proposal 5: Support frequency hopping with inter-slot bundling to enable joint channel estimation. 
Proposal 6: The time domain granularity of frequency hopping/DMRS bundling size can be determined in consideration of available resources.
Proposal 7: If DMRS bundling is supported, optimization on DMRS overhead in time domain can be considered.
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Annex
[bookmark: _Ref40286490]Table 1. Link-level simulation assumptions for PUSCH repetition transmission
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	MCS
	MCS9: QPSK, 679/1024

	Repetitions
	K= 8,16,24,32

	Data allocation
	12 RBs allocated, 14 symbols with 3 DMRS

	DMRS configuration
	Type 1, single symbol


Table 2. Link-level simulation assumptions for PUSCH repetition with DMRS bundling
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	Code rate
	1/3

	Repetitions
	K= 1,2,4,8,16

	Data allocation
	12 RBs allocated, 14 symbols with 2/4 DMRS

	DMRS configuration
	Type 1, single symbol
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