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Introduction
This tdoc discusses design considerations for the following coverage enhancement objectives in the WID [2]:
· 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]

The following Agreements have been made:
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.

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 at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

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 case:
· Over back-to-back PUSCH transmissions for TB processing one TB processed over multiple slots
· It’s subject to UE capability

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

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 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

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

Joint Channel Estimation (JCE) LLS Results
FDD
To evaluate performance of joint channel estimation (JCE), LLS were conducted for the eMBB case with a TBS of 888 bits and 8 repeats with JCE lengths of 1, 2, 4, and 8 slots (note: full simulation assumptions for this paper can be found in appendix A):
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Figure 1: LLS result for eMBB with residual CFO = ~U[-30,30Hz]

As seen from the above results, for the eMBB case, JCE provides about 1.5 dB coverage gain. Also seen from above, the degree of gain is diminishing as the length of JCE is increased which is partly because of residual CFO effects and partly because JCE with 4 slots already provides a good channel estimation at this SNR. 
For the FDD eMBB scenario, JCE can provide ~1.5 dB of coverage gain.

The following LLS results are for the VoIP case with a TBS of 320 bits and 32 repeats: 
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Figure 2: LLS result for VoIP with residual CFO = ~U[-30,30Hz]

As seen from the above results, for the VoIP case, JCE provides about 3.5 dB coverage gain. The increased gain is because VoIP can operate at a lower SNR where JCE is more effective. 
For the FDD VoIP scenario, JCE can provide ~3.5 dB of coverage gain.

TDD
Below are the LLS results for the eMBB scenario (TBS=888, 8 repeats) with JCE across TDD frames:
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Figure 4: JCE across TDD frames ‘DDDSU’ for eMBB

As seen from the above results, there is a gain of ~1.1 dB when doing JCE over 4 slots (i.e. over 4 TDD frames) vs 1 slot (no JCE). When using JCE over 8 slots or 40ms, performance is worse than 4 slots because the RFE of [-30,+30]Hz is causing too much phase rotation to average over such a long interval.
For the TDD DDDSU eMBB scenario, JCE across non-continuous slots can provide ~1.1 dB coverage gain.

The following figures shows the LLS results for VoIP scenario (TBS=320, 8 repeats) for JCE across TDD frames:
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Figure 5: JCE across TDD frames ‘DDDSU’ for VoIP

As seen from the above results, there is a large coverage gain of ~2.2 dB using 4 non-continuous slots for JCE vs 1 slot (no JCE). 
For the TDD DDDSU VoIP scenario, JCE across non-continuous slots can provide ~2.2 dB coverage gain.
Use cases
The following potential use cases have been identified with only use case 3 agreed to be supported:
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.

Use case 1 and 2, generally related to PUSCH repetition type B which is useful for URLLC use case. URLLC use cases were not a target for coverage expansion, only eMBB and VoIP. PUSCH repetition type B has only been agreed if no additional changes are needed to support it, so those use cases do not need to be considered:
Make a RAN1 Conclusion: There is no need to consider these use cases in Rel 17:
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 4 Considerations:
Using legacy PUSCH mapping type A and Type B, it is possible for the gNB to schedule non-back-to-back PUSCH transmissions. There are many valid reasons for gNB to schedule eMBB and VoIP traffic in a non-back-to-back manner (e.g. avoid invalid symbols, avoid other scheduled TB, scheduling flexibility, DSS support, avoid transmission of SRS, or avoid PUCCH). Given this, the following proposal is made:
Use case 4 “non-back-to-back PUSCH transmissions across consecutive slots” shall be supported.

Use Case 5 Considerations:
Heavy DL:UL TDD ratios are common in real networks. Assuming TDD patterns of DDDSU and DDDDDSUU (from TR 38.830 “Study on NR coverage enhancements”), if the PUSCH transmission time is longer than 2 slots, the gNB will schedule the “PUSCH transmissions across non-consecutive slots”. For coverage limited cases, this use case will be a VERY common occurrence for TDD and, as shown in the LLS section, JCE for TDD provides good coverage gain. Thus, from a RAN1 perspective, we should strive to support this use case as it tends to have the greatest need for coverage enhancement.
In TDD bands, the gNB will be required to schedule “PUSCH transmissions across non-consecutive slots” 

However, based on [3] RAN4 LS response, JCE may not be possible in the TDD case: 
· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1: 
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case

However, the definition of “downlink reception” in the above statement is unclear and thus RAN1 sent a reply LS [4] with the following clarification question:
Question 3: There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.

If RAN4’s interpretation is #1, then JCE with TDD can be supported when no actual DL transmission from gNB to UE is made. Given the above discussion, the following proposal is made:
Wait for RAN4 LS response to determine if use case 5 “PUSCH transmissions across non-consecutive slots” can be supported.
JCE over Multiple TBs
The following issue is open for discussion:
· FFS: Over back-to-back PUSCH transmissions with different TB
Given the high efficacy of JCE (e.g. up to 3.5 dB gain), where possible JCE should try to be supported. Since it will be common for gNB to schedule TBs ‘back-to-back”, unless there is a good technical reason, this use case should be supported. 
JCE should be supported when gNB schedule “back-to-back PUSCH transmissions with different TB”
Time Domain Window 
The following agreement was made last meeting WRT to the defined time domain window:
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

Time Domain Window Determination - Looking at this FFS:
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

At least the following options are possible for signalling: 
Semi-static signalling
One value per system (broadcasted SI)
One value per UE (RRC signaled)
Several values per UE (based on “scenario” UE implicitly determine which value to choose)
Dynamic
DCI indicates whether JCE is enabled/disabled. The time window is set semi-statically
Indicated time window choice within DCI (e.g. DCI indicates an index into an RRC configured table of time window values)

In general, going down the list adds complexity but also adds flexibility and increases performance. The exact mechanism of signalling can be agreed upon later but deciding whether some dynamic indication is used now, would be good. Since in good coverage JCE should not be used, some dynamic mechanism to enable/disable JCE should be supported:
The UL Grant can at least signal, either implicitly or explicitly, whether the JCE and the phase continuity time domain window is enabled or disabled.

The mechanism to choose which time domain values to signal can be left up to gNB implementation, but it is assumed the gNB would not signal a value to the UE which it doesn’t support. 
Based at least on UE capabilities, the gNB would signal only phase continuity time domain windows which the UE supports. 


Conclusions
1. For the FDD eMBB scenario, JCE can provide ~1.5 dB of coverage gain.
For the FDD VoIP scenario, JCE can provide ~3.5 dB of coverage gain.
For the TDD DDDSU eMBB scenario, JCE across non-continuous slots can provide ~1.1 dB coverage gain.
For the TDD DDDSU VoIP scenario, JCE across non-continuous slots can provide ~2.2 dB coverage gain.
1. Make a RAN1 Conclusion: There is no need to consider these use cases in Rel 17:
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 4 “non-back-to-back PUSCH transmissions across consecutive slots” shall be supported.
In TDD bands, the gNB will be required to schedule “PUSCH transmissions across non-consecutive slots” 
Wait for RAN4 LS response to determine if use case 5 “PUSCH transmissions across non-consecutive slots” can be supported.
JCE should be supported when gNB schedule “back-to-back PUSCH transmissions with different TB”
The UL Grant can at least signal, either implicitly or explicitly, whether the JCE and the phase continuity time domain window is enabled or disabled.
Based at least on UE capabilities, the gNB would signal only phase continuity time domain windows which the UE supports. 
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	UE Speed
	3km/h

	Bandwidth Part 
	20 MHz/100 MHz

	Configuration 
	FDD / TDD

	Carrier frequency
	700 MHz / 4 GHz

	RX Antenna ports
	2

	Channel model
	TDL-C 300ns

	Number of PRBs
	FDD-4, TDD-8

	Carrier Frequency Offset
	~U[-30,30]

	Channel Estimation
	Practical

	Frequency Hopping
	As specified

	Frequency Averaging Window
	3 PRBs

	Time Averaging Window
	As specified

	Hop Size
	10 MHz (where applicable)

	Hop Pattern
	As specified

	DMRS Configuration
	2 DMRS per slot

	Transform Pre-coding
	Yes

	SCS
	FDD 15 kHz
TDD 30 kHz

	Modulation
	QPSK

	TBS
	FDD eMBB 888 bits
VoIP 320 bits
TDD eMBB -2220 bits

	Repeats/slots 
	8, 32

	HARQ
	Disabled

	iBLER Target
	10%
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