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1 Introduction

In the RAN1 #88bis meeting, the following was agreed for uplink HARQ-ACK feedback [1]:
Agreements:
· For the purpose of evaluations of HARQ-ACK feedback for UE power saving:

· At least the following two options are considered for HARQ-ACK feedback channel:

· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission

· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission

· Detailed design on HARQ-feedback channel FFS among at least the following options:

· PHICH-like channel

· MPDCCH with reduced DCI size(s)

· MPDCCH with existing DCI size(s)

· Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.

· The detailed solutions can be different for HD-FDD and FD-FDD/TDD.

Further, the simulation assumptions and metrics on uplink HARQ-ACK feedback were agreed in [2].
In this contribution, the benefits of early terminating the PUSCH based on uplink HARQ-ACK is analyzed, and some initial observations are given.
2 Required SINR for PUSCH and MPDCCH

To analyze the power consumption and other benefits (e.g., improving utilization efficiency of uplink resource), the SINR benchmark of PUSCH and MPDCCH should be determined firstly.
Table 1: Required SINR for PUSCH and MPDCCH under different MCLs

	#
	Physical channel name
	PUSCH 
	MPDCCH

	1
	BLER target [%]
	10%
	1%

	2
	TBS [bits]
	936
	

	3
	Total Tx power  [dBm]
	23
	46

	4
	Actual Tx power [dBm]
	23
	39.8 (with 3dB power boosting)

	5
	Thermal noise [dBm/Hz]
	-174
	-174

	6
	Receiver noise figure [dB]
	5
	9

	7
	Interference margin [dB]
	0
	0

	8
	Channel bandwidth [kHz]
	180
	1080

	9
	Effective noise power [dBm]

= (5)+(6)+(7)+10log10((8)) 
	-116.5
	-104.7

	10
	Required SINR [dB]
	-4.5
	-14.5
	-24.5
	0.5
	-9.5
	-19.5

	11
	Dual antenna receiver sensitivity [dBm]  = (9)+(10) 
	-121
	-131
	-141
	-104.2
	-114.2
	-124.2

	12
	MCL [dB] = (4)-(11)
	144
	154
	164
	144
	154
	164


Table 1 above gives the required SINR for PUSCH and MPDCCH under different MCLs. For PUSCH, the required SINR is -4.5 dB, -14.5 dB, -24.5 dB for MCL of 144 dB, 154 dB, 164 dB, respectively. For MPDCCH, the required SINR is 0.5 dB, -9.5 dB, -19.5 dB for MCL of 144 dB, 154 dB, 164 dB, respectively.

3 Evaluation of power consumption for early termination
3.1 Principle of power calculation

Assuming the power consumption of MPDCCH on one subframe is P, the power consumption of PUSCH on one subframe is 6P according to the agreed simulation assumptions [2]. For simplicity, MPDCCH can be used for HARQ-ACK feedback with reduced overhead. In the following, half overhead (including 16 bits CRC) of MPDCCH for HARQ-ACK is assumed compared to that for uplink scheduling. As a result, the power consumption of MPDCCH for HARQ-ACK on one subframe can be assumed as 0.5P.
For PUSCH, the number of repetitions for the first transmission is assumed as N1. If the first PUSCH transmission fails, then PUSCH with extra n2 repetitions (i.e., total repetitions of N1+n2) is transmitted by UE. Further, if the second PUSCH transmission also fails, then PUSCH with extra n3 repetitions (i.e., total repetitions of N1+n2+n3) is transmitted by UE. The PUSCH continues to be retransmitted with repetitions until the target BLER is met. The target BLER should not be lower than P1*P2*….*Pj-1.
The following table summarizes the repetition number of PUSCH, MPDCCH for uplink scheduling and MPDCCH for HARQ-ACK feedback. Where, Pj is the BLER probability of PUSCH transmission with repetition number (N1+n2+n3+……+nj). The parameter M is the repetition number for MPDCCH transmission to meet 1% BLER. 
Table 2: Repetition number of PUSCH, MPDCCH for uplink scheduling and MPDCCH for HARQ-ACK feedback
	# of PUSCH transmission
	MPDCCH for UL grant
	PUSCH
	MDCCH for HARQ-ACK

	1
	M
	N1
	M/2

	2
	M*P1
	P1*n2
	M/2*P1

	3
	M*P1*P2
	P1*P2*n3
	M/2 *P1*P2

	……

	j
	M*P1*P2*….*Pj-1
	P1*P2*….*Pj-1*nj
	M/2 *P1*P2*….*Pj-1


The following table calculates the power consumption of PUSCH transmission with early termination. The power consumption of MPDCCH for UL grant and MPDCCH for HARQ-ACK feedback is also included.
Table 3: Power consumption of early termination
	
	Power consumption of MPDCCH for UL grant (P_MPDCCH)
	PUSCH

(P_PUSCH)
	MDCCH for HARQ-ACK

(P_MPDCCH_ACK)

	Power
	(M+

M*P1 +

M*P1*P2 +

…… +

M*P1*P2) * P
	(N1 +

P1*n2+

P1*n2+

…..+

P1*P2*….*Pj-1*nj)* 6P
	(M/2+

M/2*P1 +

M/2*P1*P2 +

…… +

M/2*P1*P2) * P

	Total power related to PUSCH early termination
	P_MPDCCH + P_PUSCH + P_MPDCCH_ACK


For PUSCH without early termination, assume PUSCH transmission with repetition number K can meet the target BLER. Thus, the total power of PUSCH without early termination is (6K+M)*P.
3.2 Performance of power comparison

For MPDCCH, the repetition numbers for different MCLs are given in the following table.

Table 4: Repetition number for MPDCCH

	MCL=144dB

(Format 6-0A)
	MCL=154dB

(Format 6-0A)
	MCL=164dB

(Format 6-0B)

	4 

(without cross-sf channel estimation)
	32 

(with cross-sf channel estimation)
	256

(with cross-sf channel estimation)


For PUSCH transmission, the initial BLER probability should avoid being too high (e.g., BLER=1) or too low. In current specification, maximum 2048 repetition number for PUSCH can be configured. If TBS=936 in [2] is used, 2048 repetition number for PUSCH cannot meet MCL=164. As a result, we use TBS=328 bits to evaluate the power consumption. For TBS=936, the repetition number can be approximate to three times of the repetition number of TBS=328 bits.

Based on the simulation results provided in Annex, the following table exemplifies some initial BLER values corresponding to different repetition numbers under different MCLs.
Table 5: iBLER of PUSCH

	PUSCH repetitions
	MCL=144dB
	MCL=154dB
	MCL=164dB

	16
	0.1006
	0.9323
	

	32
	0.0273
	0.7348
	

	64
	0.0071
	0.2896
	

	128
	
	0.0993
	0.8995

	256
	
	0.0263
	0.8507

	512
	
	0.0025
	0.7461

	1024
	
	
	0.5623

	2048
	
	
	0.2632


According to the power calculation method mentioned in section 3.1, the following Figure 1 illustrates the power comparison of PUSCH transmission with/without early termination. 
As shown in Figure 1, for MCL=144 dB, if the target BLER of PUSCH is lower than 0.1, PUSCH transmission with early termination can save significant power over PUSCH without early termination. 

For MCL=154 dB, if the target BLER of PUSCH is lower than 0.3, PUSCH transmission with early termination can save significant power over PUSCH without early termination. The lower target PUSCH BLER, the more power saving arises from early termination. 

For MCL=164 dB, if the target BLER of PUSCH is lower than 0.8, PUSCH transmission with early termination can save significant power over PUSCH without early termination. Similarly, the lower target PUSCH BLER, the more power saving arises from early termination.
In view that the target BLER should be around 1% to 0.1%, so PUSCH with early termination can achieve the significant benefit of power saving. The reason is that the power consumption of PUSCH is much higher (6 times) than MPDCCH of UL grant. As a result, there is no need to transmit PUSCH with large repetition number at the beginning. On the contrary, UE can transmit PUSCH with fewer repetitions. If PUSCH is not successfully decoded by eNB, the UE can gradually increase the PUSCH repetition number. However, for UEs successfully transmitting PUSCH with lower PUSCH repetition number, significant transmit power is saved. 
Correspondingly, for PUSCH transmission with early termination, the uplink resource can be efficiently utilized due to significant PUSCH transmission savings as shown in Figure 1.
Observation 1: The lower target PUSCH BLER, the more power saving arising from early termination can be obtained.
Observation 2: PUSCH with early termination can achieve significant power savings.

Observation 3: For PUSCH transmission with early termination, the uplink resource can be more efficiently utilized.
Proposal 1: PUSCH transmission with early termination is supported.
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Figure 1: Power comparison of PUSCH transmission
4 Conclusion
In this contribution, the benefits of early terminating the PUSCH based on uplink HARQ-ACK are analyzed, and the following observations and proposal are given.
Observation 1: The lower target PUSCH BLER, the more power saving arising from early termination can be obtained.

Observation 2: PUSCH with early termination can achieve significant power savings.

Observation 3: For PUSCH transmission with early termination, the uplink resource can be more efficiently utilized.

Proposal 1: PUSCH transmission with early termination is supported.
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Figure 2: PUSCH simulation results, TBS=328 bits
Table 6: Simulation assumptions

	Parameter
	Value

	eNB antenna configuration 
	2 TX, 2 RX

	eNB power
	43 dBm per TX port

	eNB NF
	5 dB

	System BW
	10 MHz

	Band 
	Band 8 (900 MHz) 

	Channel model 
	ETU 

	Doppler spread 
	1 Hz 

	Frequency error
	±30 Hz 

	UE power
	23 dBm 

	UE antenna configuration
	1 TX, 1 Rx

	UE NF
	9 dB

	PUSCH TBS
	328 bits

	Coupling loss
	144, 154, 164 dB


