	
	
	



[bookmark: _Hlk961875]3GPP TSG RAN WG1 #104-e 								R1-2101327
e-Meeting, January 25th – February 5th, 2021

Agenda item:	8.8.1.1 Enhancements on PUSCH repetition type A 
Source: 	Sierra Wireless
Title: 	Design considerations for PUSCH repetition Type A Enhancements
Document for: 	Discussion and decision
Introduction
This tdoc discusses design considerations for PUSCH repetition Type A Enhancements for the following work item [1] objectives:
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
Number of Repeats based on available UL Slots
This section discusses this objective stated in the WID[1]:
The number of repetitions counted on the basis of available UL slots.

With the legacy specification, repeats are counted whether the slot is available for UL transmission or not (i.e. repeats are punctured). This leads to a very low number (e.g. ~ 1/5th) of actual slots of transmission for TDD cases when repeats are used since so many repeats get punctured.  To fix this issue, repeats should be postponed instead of punctured for slots which are not available for UL transmission.  For example, postponed repetitions of 8 would look like this for a TDD pattern of DDDSU:
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Figure 1: Example of Postponed Repeats for TDD 

A new repeat type is specified “postponed repeats” where repeats are postponed for invalid UL slots.
Increasing the maximum number of repetitions
This section discusses this objective stated in the WID[1]:
Increasing the maximum number of repetitions up to a number to be determined during the course of the work

As stated in the WID, the maximum number of repetitions is FFS. There are many factors to consider when deciding how much to increase the maximum number of repeats. 


The TR 38.830[3] gave guidance that repeats should be increased to a maximum of 32: 
“Increasing the maximum number of repetitions, e.g., up to 32.”
TR 38.830 gave guidance as a conclusion that repeats should be increased up to 32

eMBB Use Case:
The minimum data rate for the eMBB use case was agreed to be 100 kbps and is also documented in the WID. The figure below shows the LLS result for repeats [8 and 16] and TBS [888 and 1800] which corresponds to a data rate of 100kbps (detailed simulation assumptions are in appendix A):
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Figure 2: LLS Result for 100kbps, Repeats=8 and Repeats=16 

As seen from the above figure, 16 repeats does not provide coverage gain compared to 8 repeats. This is expected since the energy per bit is the same since the data rate is kept constant at 100kbps. In fact, there is a small loss in coverage with 16 repeats. This is due to the loss of coding gain when using the larger TBS = 1800 since a higher code rate is needed. Some of this loss is recovered at Fdop=25Hz and 50Hz due to the increase in time diversity with 16 repeats but this is not enough to make up for the code gain loss.
For a data rate of >=100kbps (eMBB), increasing repeats beyond 8 does not provide any coverage gain

VoIP Use Case:
The following FR1 simulation assumption for VoIP were agreed:
Vocoder generate one 320 bits TB every 20ms
Maximum latency 50/100ms
FR1 TDD frame structure: DDDSU and DDDDDDDSUU with SCS = 30 kHz
FR1 FDD  SCS = 15 kHz

Since coverage is generally proportional to the time and power of transmission, we can use these factors to determine the maximum number of repeats needed.  If latency beyond 20ms is acceptable, TBs need to be aggregated (i.e. a larger TBS is used) to avoid the need for the UE transmit two TBs simultaneously which would split the UE’s power and decrease coverage. To avoid TB transmissions overlapping, the transmission time needs to be less than or equal to the vocoder packet aggregation time. Given 100ms was agreed to be the maximum latency, the maximum number of aggregations of the 20ms  vocoder packets is 3. The figure below shows an example of  3 aggregated vocoder packets which result in 60ms of transmission time and a latency of 100ms:
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Figure 3: Example of 3 aggregated vocoder packets resulting in 100ms latency

Given the above the following observation can be made:
Assuming a maximum latency of 100ms for VoIP, the maximum transmission time is 60ms 

Given the above observation, and given the TDD formats of DDDSU and DDDDDDDSUU, the following observation can be made for TDD:
For FR1 TDD VoIP with 100ms latency, the maximum number of repeats that can be used is 24. 

The FDD case is more complex because HARQ can be effectively be used to increase transmissions since there are no scheduling restrictions and the time for re-scheduling is small (e.g. 2 slot) compared to the maximum number of repeats (e.g. 32).  Since only 2 slots are needed to schedule a retransmission, two HARQs of 29 repeats each can be scheduled within 60ms which will provide very similar coverage as one with 60 repeats. 
For FDD VoIP with 100ms latency, HARQ can be effectively used to transmit more repeats when needed thus no need to increase maximum number of repeats beyond 29. 

The study item[2] states:  "LPWA services and scenarios are not included”  thus 3GPP should not specify repeats similar to or beyond that of LTE-M and NB-IOT.  LTE-M uses a maximum of 32 repeats for CE mode A which is largely commercialized so no more than 32 repeats should be specified during this NR WI.  
The SID states “LPWA services are not included” thus limiting the maximum number of repeats

Given the above observations, the following proposal is made:
The maximum number of inter-slots repeats shall be increased to 32 slots. 
Conclusions

How to increase number of repeats for TDD?
1. A new repeat type is specified “postponed repeats” where repeats are postponed for invalid UL slots.

How much to Increasing the maximum number of repetitions?
1. TR 38.830 gave guidance as a conclusion that repeats should be increased up to 32
For a data rate of >=100kbps (eMBB), increasing repeats beyond 8 does not provide any coverage gain
Assuming a maximum latency of 100ms for VoIP, the maximum transmission time is 60ms
For FR1 TDD VoIP with 100ms latency, the maximum number of repeats that can be used is 24. 
For FDD VoIP with 100ms latency, HARQ can be effectively used to transmit more repeats when needed thus no need to increase maximum number of repeats beyond 29. 
The SID states “LPWA services are not included” thus limiting the maximum number of repeats
The maximum number of inter-slots repeats shall be increased to 32 slots. 
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	System bandwidth
	20 MHz

	Configuration 
	FDD

	Carrier frequency
	700MHz

	Antenna configuration
	NA

	RX Antenna ports
	2

	Channel model
	TDL-C 37ns

	Doppler frequency
	2, 25, 50, 100 Hz

	Number of PRBs
	4

	Frequency tracking error
	0Hz

	Channel Estimation
	Perfect

	Frequency Hopping
	None

	DMRS Configuration
	2 DMRS per slot

	Transform Pre-coding
	No

	SCS
	15 kHz

	Modulation
	QPSK

	TBS
	888 and 1800 bits

	Repeats 
	8 and 16
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