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Introduction
A working item description (WID) on NR coverage enhancement was approved in [1]. It was agreed to specify mechanism(s) to enable joint channel estimation for enhancing coverage of PUSH in the WID as follows 
· Specify mechanism(s) to enable joint channel estimation
· 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
· 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
This document provides our view on some aspects for enabling joint channel estimation. 

Discussion
In current specifications, the channel estimation is only applicable within a slot or a PUSCH because the power consistency and phase continuity among them at the UE transmitter are not ensured. In order to support joint channel estimation over multiple PUSCH transmissions, the power consistency and phase continuity among PUSCH transmissions at the UE transmitter need to be ensured. 
Time domain window
A UE shall not change a transmission power over a period to allow a joint channel estimation at gNB. This condition shall be satisfied even if a change of pathloss measurements or the reception of TPC command. In RAN1#104b-e, the period to keep the transmission power consistency and phase continuity was agreed as time domain window as shown in the following agreement 
	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



The maximum length of a time domain window should not be longer than the length determined by a DCI. It means a time domain window composed by the multiple DCIs should not be supported. If a time domain window is composed by the multiple DCIs, depending on one of DCI mis-detection or false-detection, the length of a time domain window varies and gNB cannot assume the same length of a time domain window depending on UE detection status of PDCCH. In such case, the gNB is required to support blind detection of the length of the time domain window, which significantly increase the complexity of gNB. Therefore, we propose following
Proposal 1: A length of time domain window should not be longer than the length determined by a DCI, i.e. a time domain window composed by the multiple DCIs should not be supported.

According to proposal 1, the length of time domain window cannot be longer than the time domain resource allocation indicated by a DCI. The time domain resource allocation is indicated by the entry index of TDRA table for dynamic grant and activation DCI in CG type 2.  For CG type 1, the time domain resource allocation is indicated semi-statically by RRC. 
When inter-slot frequency hopping and/or inter-slot precoder cycling are applied, the length of time domain window should be the subset of the time domain resource allocation because different hopping and different precoder should be used in the different time domain windows such that a different joint channel estimation is required for each hopping and precoder. 
When inter-slot frequency hopping and/or inter-slot precoder cycling are not applied, the length of time domain window can be same of the time domain resource allocation indicated by a DCI, and it is FFS. 
The merit of joint channel estimation depends on radio channel condition like UE velocity. Even if the length of time domain window is longer than one slot at UE, it would be gNB implementation choice to limit the channel estimation length is within a slot. Therefore, we don't currently aware the need of dynamic adjustment of the length of time domain window except related to the adjustment caused by the inter-slot frequency hopping and/or inter-slot precoder cycling.
Because of the residual frequency offset, the length of joint channel estimation longer than a certain value would not provide the gain anymore. Therefore, the length of time domain window is also not required to be longer than the possible length of the joint channel estimation.
Proposal 2: A length of time domain window is at least determined by the time domain resource allocation of dynamic grant and by activated DCI for CG type 2, as well as RRC configuration for CG type 1.

Proposal 3: When inter-slot frequency hopping and/or inter-slot precoder cycling are applied, the length of time domain window should be the subset of the time domain resource allocation. 

Regarding a unit of the time domain window, it has been agreed to have 2 options in the following RAN1#104b-e agreement. 

	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



We don't think it is necessary to agree Option 1 or Option 2 at this moment. RAN1 can discuss the length of time domain window for PUSCH repetition type A, and the support of PUSCH repetition type B, TBoMS, different TBs, respectively. For multiple TBs indicated by a DCI, it should wait the progress of the discussion of NR from 52.6GHz to 71 GHz.

Proposal 4: For multiple TBs scheduled by a DCI, joint channel estimation should wait for the progress of the discussion of NR from 52.6GHz to 71 GHz.

Joint channel estimation and inter-slot frequency hopping 
If joint channel estimation (CE) is simply applied in inter-slot frequency hopping (FH) procedure, a length of time domain window can include multiple hops from different frequency allocations (upper and lower frequency positions), resulting in degradation of performance of joint CE and FH. This is because jointly using DMRS symbols from different frequency allocations for channel estimation can provide poor performance due to different phase continuities and channel conditions at different frequency hops. Following that, FH performance is poor. Therefore, it is necessary to specify how to integrate joint channel estimation and inter-slot FH. 

In eMTC, the length of joint channel estimation and the length of inter-slot frequency hopping are cell level configuration to improve time/frequency resource utilization. However, in NR, it would be difficult to use cell level configuration as more flexibility would be required. To allow joint channel estimation, the time domain window should be used for the same frequency allocation in inter-slot FH procedure. Related to this, following agreements are achieve in RAN1#104b. 
 
	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



In order to have gains from both joint CE and inter-slot FH, a length of time domain window should be same or subset of a length of inter-slot FH. Whether Option 1 or Option 2 depends on how frequency hopping is realized. For example, if a length of inter-slot FH is a half-length of the number of repetitions only and half-length of the number of repetitions would be very long, the lengths of time domain windows should be subset of the length of inter-slot FH. If the length of the repetitions is realized by multiple of shorter frequency hopping, the length of time domain window should be same as the length of inter-slot FH. 

Proposal 5: A length of time domain window and a length of inter-slot FH are the same or not depending on the pattern of inter-slot FH.

In Fig. 1, an example of integration of joint CE and inter-slot FH is described. Particularly, there are two hops and two time domain windows, each of time domain windows is used for each of two hops, and the length of each of lengths of time domain windows and a length of inter-slot FH are the same. Link-level simulation (LLS) results are shown in Fig. 2 in the following section.



Fig. 1. An example of integration of joint channel estimation and inter-slot FH, where the length of each of lengths of time domain windows and a length of inter-slot FH are the same

In addition, an existing indication of FH procedure in a DCI in Rel. 15/16 Specs can be reinterpreted to enable/disable the integration of joint CE and inter-slot FH procedures. It means if FH procedure is enabled, it is enabled that the length of time domain window is equal to inter-slot FH. 



Link-level simulation results
We evaluated the BLER performance of PUSCH repetition Type A. The detailed parameters for link level simulation are listed in the Appendix A.
Joint channel estimation with inter-slot frequency hopping
Figure 2 shows the BLER performance of PUSCH repetition Type A with and without joint channel estimation. Joint channel estimations with enabled and disabled inter-slot frequency hopping are evaluated. When the inter-slot frequency hopping is enabled, the length of time domain window for joint channel estimation and the period of inter-slot frequency hopping is same and set to a half-length of the number of repetitions. When the inter-slot frequency hopping is disabled, the length of time domain window for joint channel estimation is same as the number of repetitions. It was observed that the joint channel estimation with inter-slot frequency hopping can provide an improvement of gain of 1.0 ~1.5 dB, as compared with that of the joint channel estimation without inter-slot frequency hopping, even when the length of time domain window is only a half.
Observation 1: Joint channel estimation with inter-slot frequency hopping provides an improvement of gain of 1.0 ~1.5 dB, as compared with that of joint channel estimation without inter-slot frequency hopping and doubling a length of time domain window.
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(a) 4 repetitions                                                              (b) 8 repetitions
Fig. 2. Link-level simulation results for inter-slot frequency hopping with joint channel estimation (700MHz)

Optimization of DMRS location/granularity 
In Rel.15/16, the same DMRS pattern is used for multiple slots or repetitions for an independent channel estimation. However, same DMRS pattern in every slot/repetition may not be optimal for joint channel estimation over multiple PUSCH transmissions in terms of the number of DMRS symbols. In RAN1#104b-e, there was a conclusion that a new DMRS pattern equally spaced among PUSCH transmission is not considered, while an optimization of DMRS granularity, where the number of DMRS symbols for each of multiple PUSCH transmission can be different in the multiple PUSCH transmissions, is further studied as shown in the following box. Therefore, in this sub-section, we focus on analyzing of the optimization of DMRS granularity. 
	Agreements:
· A new DMRS pattern equally spaced among PUSCH transmissions is not considered for joint channel estimation in Rel.17.
Conclusion:
For optimization of DMRS granularity in time domain with joint channel estimation, the proponents are encouraged to provide more simulation results in next meeting



We evaluated following two DMRS patterns,
· DMRS pattern 1: Conventional DMRS configuration, i.e., DMRS configuration and the number of DMRS symbols per slot is same among slots,
· DMRS pattern 2: No DMRS for some PUSCH transmissions. In this evaluation, we evaluated the case of conventional DMRS configuration (i.e., pos0 or pos1 or pos2 or pos3) in odd slots and no DMRS in even slots.
[image: ]
Fig.3 DMRS patterns compared in the evaluation (pos3).
Figure 4 and 5 shows the comparison between DMRS pattern 1 and 2 with different TB sizes. Inter-slot frequency is disabled in this evaluation. When TB size is small, i.e., coding rate is lower, DMRS pattern 1 provides better performance since more DMRSs are utilized. When TB size is larger, i.e., coding rate is higher, DMRS pattern 2 provides better performance in some cases such that the conventional DMRS configuration in odd slot is pos2 (the number of DMRS symbols per slot is 3) or pos3 (the number of DMRS symbols per slot is 4) due to better coding gain. It can be seen from Fig.5(d) that 0.5~1 dB gain is obtained by DMRS pattern 2.
DMRS pattern 1 with pos3 has 4 DMRS symbols in a slot, so that total 8 DMRS symbols for 2 repetitions, total 16 DMRS symbols for 4 repetitions, and total 32 DMRS symbols for 8 repetitions, respectively. On the other hand, DMRS pattern 2 with pos3 for odd slots has total 4 DMRS symbols for 2 repetitions, total 8 DMRS symbols for 4 repetitions, and total 16 DMRS symbols for 8 repetitions, respectively. Considering the number of DMRS symbols over PUSCH repetitions, such total DMRS symbols can also be realized by setting DMRS pattern 1 with pos1 (2 DMRS symbols in a slot). Therefore, the performance comparison between DMRS pattern 1 with pos1 and DMRS pattern 2 with pos3 is also shown in Fig.6. It can be seen that the performance of DMRS pattern 1 with pos1 and DMRS pattern with pos3 is almost the same.
Based on the above evaluation, our view is that DMRS granularity optimization such as no DMRS transmission is some slots would not be necessary. The gain obtained by DMRS granularity optimization is small (such as 0.5~1 dB) and such small gain in link level would not be visible in the system level as HARQ would recover the failure caused by such small link difference. There could be an argument that although DMRS pattern 1 and DMRS pattern 2 provide the almost same performance, DMRS pattern 2 has the merit of early decoding since DMRS can be located in earlier slot. However, considering joint channel estimation and coverage enhancement scenario, early decoding is not critical reason for supporting DMRS granularity optimization.
Proposal 6: DMRS granularity optimization such as no DMRS transmission in some slots is not necessary.
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(a) pos =0 for even slot, no DMRS for odd slot                    (b) pos =1 for even slot, no DMRS for odd slot
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(c) pos =2 for even slot, no DMRS for odd slot                    (d) pos =3 for even slot, no DMRS for odd slot
Fig.4 TBS=128
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(a) pos =0 for even slot, no DMRS for odd slot                    (b) pos =1 for even slot, no DMRS for odd slot
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(c) pos =2 for even slot, no DMRS for odd slot                    (d) pos =3 for even slot, no DMRS for odd slot
Fig.5 TBS=608
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Fig.6 Performance comparison between DMRS pattern 1 (pos1) and DMRS pattern 2 (pos3).

Conclusions
In this contribution, we provide our view on joint channel estimation for PUSCH. We made the following proposals and observations.
Proposals:
Proposal 1: A length of time domain window should not be longer than the length determined by a DCI, i.e. a time domain window composed by the multiple DCIs should not be supported.
Proposal 2: A length of time domain window is at least determined by the time domain resource allocation of dynamic grant and by activated DCI for CG type 2, as well as RRC configuration for CG type 1.

Proposal 3: When inter-slot frequency hopping and/or inter-slot precoder cycling are applied, the length of time domain window should be the subset of the time domain resource allocation. 

Proposal 4: For multiple TBs indicated by a DCI, joint channel estimation should wait for the progress of the discussion of NR from 52.6GHz to 71 GHz.

Proposal 5: A length of time domain window and a length of inter-slot FH are the same or not depending on the pattern of inter-slot FH.
Proposal 6: DMRS granularity optimization such as no DMRS transmission in some slots is not necessary.

Observation:
Observation 1: Joint channel estimation with inter-slot frequency hopping provides an improvement of gain of 1.0 ~1.5 dB, as compared with that of joint channel estimation without inter-slot frequency hopping and doubling a length of time domain window.
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Appendix A: Simulation parameters
	General simulation parameters

	Frequency
	700 MHz (FDD)

	System bandwidth
	20 MHz

	SCS
	15 kHz

	Channel model
	TDL-C

	Delay spread
	300 ns

	UE velocity
	3 km/h

	Residual frequency error
	Ideal

	PRB allocation
	4 PRBs

	Symbol allocation
	14 symbols

	Number of layers
	1

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Modulation
	QPSK

	TBS
	128, 608

	Intra-slot frequency hopping
	Disabled

	Inter-slot frequency hopping
	Disabled or Enabled

	DMRS length
	1 symbol

	Additional DMRS symbol positions
	pos0, pos1, pos2, pos3

	DMRS configuration type
	Type 1
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