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1 Introduction

In RAN2#63bis, RAN2 made the following agreements for the HARQ RTT timer based on [1]:
=> Will have a fixed DL HARQ RTT value of “8” in Rel-8 (no signaling in SIB2)
=> Might revisit the TDD aspect if there is really significant support for a more complex solution.
The main reason to define HARQ RTT timer in MAC is that no such a value was found in RAN1 specification. In order to keep commonality and simplicity, 8ms HARQ RTT timer was specified for both FDD and TDD.

In this contribution, we’d like to analyze the impact of current agreement on TDD system, and new optimization solutions for DRX operation are proposed.
2 Discussion
2.1 The impact of 8ms HARQ RTT timer on TDD
8 ms HARQ RTT timer is optimal for FDD, since for the same HARQ process, the minimum interval between two consecutive transmissions is just 8ms with the assumption of 3ms eNB processing time. For TDD, however, the minimum transmission intervals vary for different UL/DL configurations and different starting points of the transmission. Table 1 gives the minimum transmission intervals for all of cases.
Table 1 Minimum transmission interval for TDD

	
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration
	0
	10
	10
	-
	-
	-
	10
	10
	-
	-
	-

	
	1
	11
	10
	-
	-
	10
	11
	10
	-
	-
	10

	
	2
	11
	10
	-
	8
	12
	11
	10
	-
	8
	12

	
	3
	8
	15
	-
	-
	-
	11
	10
	10
	9
	9

	
	4
	16
	15
	-
	-
	12
	11
	11
	10
	9
	8

	
	5
	16
	15
	
	13
	12
	11
	10
	9
	8
	17

	
	6
	11
	14
	-
	-
	-
	11
	13
	-
	-
	10


Note: “-” represents an UL subframe
It can be found that most of the minimum transmission intervals in TDD are larger than 8ms. It means in most of cases UEs have to monitor several PDCCH-subframes before the expected retransmission, which increases unnecessary power consumption. The number of DL subframes wasted for monitoring PDCCH is shown in table 2.
Table 2 Number of unnecessary DL subframes to monitoring PDCCH
	
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL/DL configuration
	0
	0
	1
	-
	-
	-
	0
	1
	-
	-
	-

	
	1
	2
	2
	-
	-
	0
	2
	2
	-
	-
	0

	
	2
	2
	2
	-
	0
	3
	3
	2
	-
	0
	3

	
	3
	0
	4
	-
	-
	-
	1
	1
	2
	1
	1

	
	4
	6
	5
	-
	-
	2
	2
	3
	2
	1
	0

	
	5
	
	
	
	
	
	
	
	
	
	

	
	6
	2
	3
	-
	-
	-
	1
	2
	-
	-
	0


Furthermore, agreed values of the DRX retransmission Timer are {1, 2, 4, 6, 8, 16, 24, 33}. Listening to PDCCH-subframes in advance results in limitation of using small DRX retransmission timer. For example, if initial DL transmission starts from subframe 1 of UL/DL configuration 3, {1, 2, 4} ms retransmission timer can not be configured according to table 2. Moreover, in order to achieve the same scheduling flexibility as that in FDD, TDD might have to select a larger DRX retransmission Timer than actually wanted. For instance, 6ms is configured in FDD, and 16ms has to be selected in TDD, which leads to more power consumption.
Currently, we have designed a complicated DRX procedure, and it is expected to achieve an excellent DRX performance. But for TDD, the effect of power saving will be degraded due to the 8ms HARO RTT timer. In order to avoid the case that UE has to wake up earlier than actually needed and keep active for longer time, it is proposed to reconsider the HARQ RTT timer.
2.2 Proposed modifications on HARQ RTT Timer

1. Alternative 1 (Modify the value of HARQ RTT Timer for TDD)
The DL transmission timeline is described in Fig 1. The minimum transmission interval between two consecutive DL transmissions could be divided into three phases: t1, t2 and t3.
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Fig 1. DL transmission timeline
t1 is so-called feedback delay, i.e. the time from the DL transmission to the corresponding ACK/NACK. t1 has been defined clearly in RAN1 specification. For FDD, it is 4ms, while for TDD, corresponding values for different UL/DL configurations and transmission starting points are given in the table 10.1-1 in 36.213(v8.4.0) like table 3 below:
Table 3 Feedback delay for TDD
	Table 10.1-1: Downlink association set index 
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In table 3, the index k means that the ACK/NACK of DL transmission in subframe n-k is sent in subframe n. For example, for subframe 2 (n=2) in UL/DL configuration 0, k is 6. Then the ACK/NACK sent in this subframe corresponds to the DL transmission in subframe 6 of the last radio frame.
t2 could be considered as processing time in eNB (also including transport delay for ACK/NACK). The transport delay for ACK/NACK is 1ms and the processing time in eNB is agreed as 3ms. Thus t2 should be 4ms and is identical for both FDD and TDD.
t3 is the number of UL subframe preceding the next available DL subframe. For TDD, this value depends on the UL/DL configuration and the starting point of the DL transmission. For FDD, t3 always equals to 0.

Since t3 only includes UL subframe, even if HARQ RTT timer excludes t3, UE would not listen to PDCCH during t3, thus there is no loss on the effect of power saving. Therefore, a straightforward way to configure HARQ RTT timer is
HARQ RTT timer = t1 + t2

where t1 could refer to RAN1 specification and t2 is a fixed value, i.e. 4ms.

With this definition, the HARQ RTT timer is defined as the sum of feedback delay and processing time in eNB (including ACK/NACK transport delay). For FDD the HARQ RTT Timer is still 8ms. For TDD, variable HARQ RTT Timer values will be used due to different feedback delay. The additional complexity introduced by multiple HARQ RTT timer values is to look up a table like table 2 and derive a particular feedback delay. However this procedure has been captured in L1 and MAC can reuse it to derive the value of the timer.
2. Alternative 2 (Redefine the HARQ RTT Timer)
According to TS 36.321, if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe, the HARQ RTT Timer is triggered for the corresponding HARQ process. When a HARQ RTT Timer expires and the data in the soft buffer of the corresponding HARQ process was not successfully decoded, UE will wake up to receive the expected retransmission. However, start of a HARQ RTT Timer is prior to UE knows whether the data need to be retransmitted or not. We may imagine that in many cases, UE will send an ACK, and the running of HARQ RTT timer becomes useless. Therefore, it is proposed that the timer is only triggered when a NACK is sent by L1 of the UE. If an ACK is sent by the UE, it’s unnecessary to run any timer, since there is no expected retransmission. Correspondingly, the timer triggered by NACK should also be renamed, i.e., eNB Processing Timer. Second issue is the value of the eNB Processing Timer. As discussed in option 1, this timer could be simply configured as a fixed value, i.e. 4ms as t2 in fig. 1, for both FDD and TDD. With this value, UE doesn’t wake up earlier than needed (since for TDD t3 includes UL subframe only, if any). Therefore, another advantage of this modification is we can keep the commonality of timer value between FDD and TDD, without performance loss of TDD. An illustrate of the timing is shown in Fig. 2
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Fig. 2 
Both alternative 1 and 2 can avoid UE’s meaningless power consumption wasted to monitor PDCCH. Considering that alternative 2 can achieve an optimization and commonality for both FDD and TDD, we have a slight preference on option2. 
3 Conclusion
In this contribution, the impacts of 8ms HARQ RTT Timer on TDD system are analyzed and two options of modifications on the HARQ RTT Timer are proposed. We prefer to alternative 2 since optimization and commonality can be obtained for both FDD and TDD. RAN2 is kindly asked to revisit the agreements on HARQ RTT timer in last meeting, and make a decision on the proposed modifications.
A corresponding MAC CR is prepared based on alternative 2 [2].
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