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Introduction

In this contribution, the HARQ operation for frame structure 1 (downlink and uplink) is discussed. A key to dimensioning HARQ is to clarify the processing times related to data and ACK/NACK processing. In this contribution, we propose suitable target values for the processing times and show the associated HARQ dimensioning plan. 

Processing Times and HARQ Timing
The key to designing and configuring HARQ for TDD is to determine the required processing times of the eNB and the UE for uplink (UL) and downlink (DL) respectively. The relevant processing times are as follows:
· DL UE: Duration from last sample of packet is received in downlink until an ACK/NACK is transmitted in uplink.

· DL eNB: Duration from ACK/NACK is transmitted in uplink until eNB can (re)-transmit data on same SAW channel.

· UL eNB: Duration from last sample of packet is received in uplink until an ACK/NACK (or a new allocation on same SAW channel) is transmitted in downlink.
· UL UE: Duration from UL grant is given until UE is able to transmit associated packet in uplink.
In FDD [2], the eNB and UE processing times for both DL and UL is assumed to be 3 ms. This assumption is based on specific FDD reasoning, e.g. that having same processing times for both DL and UL will benefit both the design of DRX/DTX schemes in FDD as well as achieve best data rates for half-duplex FDD UE. In TDD, the connection between uplink and downlink (and thus the impact on thus DRX/DTX schemes) is not so simple and thus the processing time requirements should be set in order to facilitate best tradeoff among HARQ performance and UE complexity. 

For FS1, one particular point of interest is to look at the UE processing time for uplink where having shorter processing time than 3 ms seems to be feasible. As for UE and eNB processing times (downlink) we use same assumption as for FDD, namely that both are ~3 ms for DL [2]. A feasible required UE processing time is assumed to be <2ms, e.g. here 1.7ms is taken as requirement assuming 3 symbols for PHICH and 1 symbol for IP, thus subframe k+2 can be used for effectively for retransmission (if PHICH is sent in subframe k). 

The assumed processing delays as well as the HARQ operation is illustrated in the timing diagram in Figure 2. Cases for zero delay and maximum delay (e.g. 100 km) are shown. The assumption for UE ACK/NACK (and UL grant) processing is shown given the assumptions discussed above. 
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Figure 2. FS1 HARQ timing diagram showing the minimum delay between 1st transmission and first retransmission considering the two-way processing delays, the PHICH duration, as well as the propagation delays.
FS1 HARQ Configuration

Given the processing delays and the timings presented in the previous section, it is possible to determine how many uplink and downlink HARQ processes are needed as well as how many (average and maximum) ACK/NACK bits will be needed per UL subframe. The derived configurations given the processing delays as well as the UL/DL resource split, are given in Table 1 (downlink HARQ) and Table 2 (uplink HARQ) respectively.
When considering the downlink HARQ setup in Table 1 it is clear that higher number of HARQ IDs is needed compared to FDD. Worst-case is the downlink heavy case where also a large number of ACK/NACK reports need to be carried within a single UL subframe. As the practical scope of applicability of the 90% DL ratio case is highly limited and it further adds significant complexity and performance degradation related to HARQ, we propose to remove this option from the DL/UL configuration list. 

Average HARQ round trip time is higher than that of FDD as expected. One downlink related aspect is whether ACK/NACK repetition will be supported on the PUCCH to aid users in bad coverage conditions. It needs to be discussed if added HARQ complexity and delays should be allowed for best support of ACK/NACK repetition or if HARQ is optimized for non-repetition case in which case users having ACK/NACK repetition will have reduced scheduling performance in downlink.

Results for uplink transmission are given Table 2 and they are quite similar as for downlink due to the processing time symmetry between uplink and downlink.
Table 1. Derived HARQ process characteristics and delay performance for downlink transmissions with FS1.

	DL ratio
	UL/DL allocation
	Average (max.) ACK/NACK symbols per UL TTI
	Max. required  HARQ IDs
	Avg. HARQ RTT [ms]

	20%
	1DL-4UL
	0.25
	2
	10.0

	30%
	2DL-3UL-1DL-4UL
	0.43
	3
	10.0

	40%
	2DL-3UL
	0.67
	4
	10.0

	50%
	3DL-2UL-2DL-3UL
	1.00
	6
	12.0

	60%-2SP
	3DL-2UL
	1.50
	7
	11.7

	60%-1SP
	6DL-4UL
	1.50
	6
	10.0

	70%-2SP
	4DL-1UL-3DL-2UL
	2.33
	9
	12.9

	70%-1SP
	7DL-3UL
	2.33
	9
	12.9

	80%-2SP
	4DL-1UL
	4.00
	10
	12.5

	80%-1SP
	8DL-2UL
	4.00
	12
	15.0

	90%
	9DL-1UL
	9.00
	15
	16.7

	50.0 %
	FDD reference
	1.00
	8
	8.0


Table 2. Derived HARQ process characteristics and delay performance for uplink transmissions with FS1.

	UL ratio
	UL/DL allocation
	Average (max.) ACK/NACK symbols per PDCCH
	Max. required  HARQ IDs
	Avg. HARQ RTT [ms]

	10%
	9DL-1UL
	0.20
	1
	10.0

	80%-1SP
	8DL-2UL
	0.25
	2
	10.0

	80%-2SP
	4DL-1UL
	0.25
	2
	10.0

	70%-1SP
	7DL-3UL
	0.43
	3
	10.0

	70%-2SP
	4DL-1UL-3DL-2UL
	0.43
	3
	10.0

	60%-1SP
	6DL-4UL
	0.67
	4
	10.0

	60%-2SP
	3DL-2UL
	0.67
	3
	7.5

	50%
	3DL-2UL-2DL-3UL
	1.00
	5
	10.0

	40%
	2DL-3UL
	1.50
	5
	8.3

	30%
	2DL-3UL-1DL-4UL
	2.33
	7
	10.0

	20%
	1DL-4UL
	4.00
	8
	10.0

	50.0 %
	FDD reference
	1.00
	8
	8


Conclusions

We have discussed the processing time requirements that relate to efficient HARQ operation with FS1 in TDD. We propose that selected processing times are downscaled compared to FDD in order to improve HARQ performance and complexity. The binding between eNB and UE processing times is not as relevant for TDD as it is for FDD. We have shown the required number of HARQ IDs for both uplink and downlink considering the proposed processing times. We propose that the considered 9DL-1UL is discarded due to HARQ complexity and apparent lack of practical applicability.  Further, if ACK/NACK repetition will be supported in uplink, the inherent tradeoff among downlink performance and HARQ complexity needs to be closely studied.
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