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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]
Simulation Assumptions
Relevant Use Cases
It is important to simulate O2I conditions, as this can be the hardest scenario to achieve good coverage for, due to inbuilding penetration loss. Additionally, it is arguably the most important scenario for eMBB, as most users will be indoors. In these conditions, there is usually little UE movement, as the user is indoors. Thus most simulations in this paper assumed a doppler of 2Hz in order to simulate a UE speed of 3km/h at the carrier frequency of 700MHz.
LLS simulation assumptions for joint channel estimation should focus on indoor low doppler scenarios (e.g. 2 Hz) since it is most likely to experience coverage issues due to inbuilding penetration loss.
Carrier Frequency Offset (CFO)
In practical conditions, it is very likely that the transmitter and receiver experience carrier frequency offset (CFO). CFO is especially important to simulate when studying joint channel estimation, as CFO spurs degradation when performing DMRS averaging, especially over long time intervals. Thus to accurately evaluate the effect of joint channel estimation, LLS in this paper assume a uniformly distributed CFO between -30Hz and +30Hz. Note: a CFO uniformly distributed between -30Hz and 30Hz was used as a simulation assumption when studying joint channel estimation for IoT.
LLS simulation assumptions for joint channel estimation should assume some residual CFO 
FFS: CFO values (e.g. uniformly distributed -30 to 30Hz)
Joint Channel Estimation
FDD without frequency hopping
As discussed in [1], it is important to evaluate techniques to improve practical channel estimation, as good channel estimation is difficult to achieve in noisy (i.e. low SNR) environments. The most common technique to improve practical channel estimation is to perform joint channel estimation (i.e. time averaging of DMRS). To evaluate performance of joint channel estimation, LLS were conducted for the eMBB case with a TBS of 888 bits and 8 repeats with joint channel estimation 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 CFO = ~U[-30,30Hz]

As seen from the above results, for the eMBB case, joint channel estimation provides about 1.5 dB coverage gain. Also seen from above, the degree of gain is diminishing as the length of joint channel estimation is increased which is partly because of CFO effects and partly because joint channel estimation with 4 slots already provides a good channel estimation at this SNR. 
For the FDD eMBB scenario, joint channel estimation 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 CFO = ~U[-30,30Hz]

As seen from the above results, for the VoIP case, joint channel estimation provides about 3.5 dB coverage gain. The increase gain is because VoIP can operate at a lower SNR where with joint channel estimation the channel estimation is very degraded. 
For the FDD VoIP scenario, joint channel estimation can provide ~3.5 dB of coverage gain.
FDD Frequency Hopping with and without Inter-Slot bundling
The WID [2] states this objective:
Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]

The following eMBB LLS results are for joint channel estimation with inter-slot bundling of 2 or 4 with 8 slots of transmission and with  TBS=888 and 8 repeats:
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Figure 4: LLS with FH and Inter-Slot Bundling

As seen from above, joint channel estimation with FH and inter-slot bundling provides coverage gain. Although FH with inter-slot bundling provides gain, it does limit frequency diversity (e.g. number of hops) when joint channel estimation gets long. For example, only one hop is possible for the case with joint channel estimation is performed over 4 slots since repeats =8.
For the FDD eMBB scenario, joint channel estimation with FH and inter-slot bundling limits frequency diversity and will thus degrade coverage.

Inter-slot bundling is only needed for UEs which cannot maintain phase and power continuity across frequency hops but most UEs do not re-tune their synthesizer to achieve hopping so phase continuity can be maintained across hops. Even though some UEs may not be able to maintain phase across frequency hops, given the high coverage gain possible with joint channel estimation, it was important to study so LLS were conducted using joint channel estimation without inter-slot bundling (i.e. joint channel estimation was conducted across for PUSCH transmission at the same frequency):  
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Figure 3: LLS results of Joint Channel Estimation with FH and without Slot bundling

As seen from the above results, joint channel estimation with FH but without slot-bunding also provide coverage gain of about 1.25 dB. 
For the FDD eMBB scenario, coverage gain for joint channel estimation with and without inter-slot bundling are similar at ~1.25dB.
UEs which can maintain phase continuity across frequency hops do not need inter-slot bundling.  

RAN1 has sent RAN4 LS [3] asking under what conditions a UE can maintain phase. If it is determined that the UE can maintain phase across frequency hops there is no need to specify slot bundling for frequency hopping.
Wait for RAN4’s response on phase continuity before agreeing to specify inter-slot bundling for frequency hopping as it may not be needed.
Joint Channel Estimation across TDD Frames
Like with FH, it may be possible, pending RAN4’s study, that some UEs can maintain phase continuity across TDD frames which would allow joint channel estimation to be applied across TDD fames.  This would allow joint channel estimation to be used for the TDD frame structure DDDSU.  There are allocations and procedures which could be studied to increase the likelihood that a UE could maintain phase, such as removing the requirement for the UE to decode DL for a period after an UL grant. 
For TDD, joint channel estimation can only be used with UEs which can maintain phase continuity across TDD frames. 
Study resource allocation and procedural changes which could increase the likelihood that a UE could maintain phase continuity across TDD frames.

Below are the LLS results for the eMBB scenario (TBS=888, 8 slots) with joint channel estimation across TDD frames:
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Figure 4: Joint Channel Estimation across TDD frames ‘DDDSU’ for eMBB

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

The following figures shows the LLS results for VoIP scenario (TBS=320, 8 repeats) for joint channel estimation across TDD frames:
[image: ]
Figure 5: Joint Channel Estimation across TDD frames ‘DDDSU’ for VoIP

As seen from the above results, there is a large coverage gain of ~2 dB using 4 frames of joint channel estimation vs 1 slot (no joint channel estimation). 
For the TDD DDDSU VoIP scenario, joint channel estimation across frames can provide ~2 dB coverage gain.
Phase Continuity Capability
In every single case studied (with/without frequency hopping, eMBB, VoIP, FDD/TDD), our simulations show that joint channel estimation can achieve significant coverage gain.  However, to be able to perform joint channel estimation, the UE must maintain the phase across the transmission. Recognizing the importance, RAN1 sent an LS to RAN4 in [3] to determine the conditions where UEs can maintain phase continuity.  It is likely that some UEs may be able to maintain phase continuity in conditions where other UEs cannot - for example, across frequency hops or across TDD frames. 
Not all UEs will have the same phase continuity capabilities or restrictions.

It would be unfortunate if one UE vendor could not maintain phase under a certain condition (e.g. across frequency hops) which would result in all gNB’s not being able to utilizing joint channel estimation for that condition (i.e. let’s not design to the lowest common denominator).  Obviously, the gNB needs to know if the UE can maintain phase under a certain condition; otherwise joint channel estimation would degrade the coverage, as averaging across reference signals out of phase would worsen the channel estimates.  One solution to this would be for the UE to indicate its phase continuity capabilities to the gNB.  This way if most UEs can maintain phase continuity in a certain condition, most UEs and networks get the coverage benefit of using joint channel estimation. 
Specify that UEs shall signal their phase continuity capabilities to the gNB.
Conclusions
1. LLS simulation assumptions for joint channel estimation should focus on indoor low doppler scenarios (e.g. 2 Hz) since it is most likely to experience coverage issues due to inbuilding penetration loss.
LLS simulation assumptions for joint channel estimation should assume some residual CFO  
FFS: CFO values (e.g. uniformly distributed -30 to 30Hz)
1. For the FDD eMBB scenario, joint channel estimation can provide ~1.5 dB of coverage gain.
For the FDD VoIP scenario, joint channel estimation can provide ~3.5 dB of coverage gain.
For the FDD eMBB scenario, joint channel estimation with FH and inter-slot bundling limits frequency diversity and will thus degrade coverage.
For the FDD eMBB scenario, coverage gain for joint channel estimation with and without inter-slot bundling are similar at ~1.25dB.
UEs which can maintain phase continuity across frequency hops do not need inter-slot bundling.  
Wait for RAN4’s response on phase continuity before agreeing to specify inter-slot bundling for frequency hopping as it may not be needed.
For TDD, joint channel estimation can only be used with UEs which can maintain phase continuity across TDD frames. 
Study resource allocation and procedural changes which could increase the likelihood that a UE could maintain phase continuity across TDD frames.
For the TDD DDDSU eMBB scenario, joint channel estimation across TDD frames can provide >1 dB coverage gain.
For the TDD DDDSU VoIP scenario, joint channel estimation across frames can provide ~2 dB coverage gain.
Not all UEs will have the same phase continuity capabilities or restrictions.
Proposal 5:  	Specify that UEs shall signal their phase continuity capabilities to the gNB.
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	UE Speed
	3km/h

	Bandwidth Part 
	20 MHz/100MHz

	Configuration 
	FDD / TDD

	Carrier frequency
	700MHz / 4G Hz

	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
	10MHz (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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