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1. Introduction
After RAN1#52, NodeB process time is TNB=3ms, and UE process time is TUE=3ms minus round trips propagation delay (2Tp). The number of downlink and uplink HARQ process number for the different DL/UL subframes allocations has been studied in [R1-080xxx]. Also, synchronized HARQ procedure is agreed on LTE uplink transmission which requires pre-determined uplink transmission in UL-SCH and downlink ACK/NACK. In this contribution, we’re going to visit the detailed design of uplink HARQ timing and ACK/NACK allocation for TDD system.

2. Agreed Assumptions and Considerations

Existing UL/DL Allocation

	UL/DL allocation
	Periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 1 Agreed UL/DL allocation for LTE TDD System

The current agreed allocations are given in Table 1. The ACK/NACK for uplink HARQ is carried by downlink subframe (which maybe normal DL subframe or DwPTS if applicable). It should be noted that only configuration 0 (UL/DL=3:2) has more UL subframes than DL subframes, which requires to allocate more PHICHs per each subframe if we assume no bundling method being used in the downlink ACK/NACK procedure. The rest UL/DL allocations which has DL>UL allocations may have enough downlink resources to allocate enough PHICH for downlink ACK/NACK transmission. Furthermore, considering all UL:DL allocations, we think that 2 ACK/NACKs in a DL subframe need to be supported (detailed in section 3) for UL HARQ procedure. This is only applicable for DL/UL=1/3, and the rest UL/DL allocations only requires single-ACK/NACK per each downlink subframe. Thus, three principles should be followed
Principle 1: The overhead of ACK/NACK should be average in all subframes during the same round-trip time;
It should be noted that allocation of ACK/NACK in downlink subframes should consider keep load balance within each periodicity. If there are more than one ACK/NACK need to be allocated to downlink subframes, all downlink subframes have the equivalent obligation to bear all of these ACK/NACKs. Following this principle, it’s achieved in our design that no multi-ACK/NACK for downlink transmission except configure 0 (DL/UL=1/3). We separate two cases in order to explain the design principle when number of DL subframes>UL and DL<UL.
Configure 1-6:
In case of configure 1~6, multi-A/N in DL subframe requires additional information for UE to identify the process number. By setting single-A/N in DL, UE can distinguish the process number by time-domain identity.
Configure 0:
However, configure 0 has more UL than DL which inevitably requires multi-A/N in one DL subframe. This special case needs to be further considered in additional to help UE implicitly obtain information on process number without adding too much complexity.
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Figure 1 Multi-ACK/NACKs Mapping to PHICH
In addition, when multi-ACK/NACKs are mapping to PHICH, Figure 1 illustrates potential PRB-to-PHICH mapping collision problem when UE uses the same PRB index which requires additional solution to fix this problem. Also, the single-ACK/NACK simplifies both UE and eNB to detect ACK/NACK and make maximum commonalities of FDD and TDD.
Principle 2: Uplink HARQ pattern should be subframe-specific
Since one or at most 2 PHICH for ACK/NACK transmission is mapping to one specific uplink subframe for UL data transmission, it is more likely to associate one TTI_Index for ACK/NACK transmission to a predetermined TTI_Index for UL transmission.
The position of the subframe used for transmission determines the exclusive position of downlink subframe for respective ACK/NACK. Similarly, the subframe for retransmission is also exclusively decided by the position of downlink subframe transmitting ACK/NACK. The following merits can be obtained from this principle:

· UE transmitted data on UL-SCH according to HARQ process number order. Thus, the process number can be implicitly derived by eNB;.

· eNB feedbacks ACK/NACK on PHICH according to HARQ process number order in order to implicitly notify the UE the process number;
Principle 3: The overhead in special subframe caused by ACK/NACK should be minimized.
Currently, as proposed in [1] and [2], some assumptions are taken to facilitate the discussion of TDD HARQ:

· UpPTS length in OS (OFDM Symbol): 2
· UpPTS can carry sounding signals and short RACH but no data, no other control information
· DwPTS lengths in OS: Normal CP = {13, 12, 11, 10, 9, 3}; Extended CP = {11, 10, 9, 8, 3}
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Figure 2  DwPTS design for LTE TDD
Also, the limitation of control channel and synchronization channel was agreed after RAN1#52 meeting [3].
· P-SCH is always transmitted in the 3rd OFDM symbol of DwPTS (subframes 1 and 6).
· PDCCH in DwPTS (subframes 1 and 6) may span 1 or 2 OFDM symbols.
Compared to the normal downlink subframes, shorter control channel length is assumed (originally 3 OS, while 2 OS in DwPTS). Following this, it is proposed to minimum the overhead in special subframe caused by ACK/NACK should. Because the control channel payload is 2/3 of normal DL subframes, it is more likely to allocate 67% ACK/NACKs compared to DL normal subframe or less to reduce control signaling overhead.

Principle 4: Minimum delay from resource grant signalled to the position where it can be utilized by the UE. 
This is to allow for fast adaptation to the radio resources as well as to have a well-defined timing relation between the grant and associated resource. The UL grant needs to assign UL TTI, PRB, MCS etc. which is based on the latest available UL CQI (i.e. SRS). However it takes some time for base station to calculate and process the UL CQI. The later the scheduler makes the UL grant decision, the more possibility scheduler can use the fresher UL CQI, and vice versa the earlier the scheduler make the UL grant decision, the less possibility scheduler can use fresher UL CQI (instead, scheduler can just use the older UL CQI). In general, it does not make benefit for scheduler to make the scheduling decision too early, unless it is absolutely required by the 3ms processing time.
3. UL HARQ Timing and Round Trip Time

Given the processing delays (both UE and eNB) and the timings, it is possible to determine how many HARQ processes are needed as well as how many ACK/NACK bits will be needed. Considering the uplink HARQ is based on a synchronous protocol and the retransmission occurs a predefined time after the initial transmission and the process number can be implicitly derived. Thus, it follows that a predefined UL HARQ timing relation for each process should be decided. 

The derived configurations given the processing delays as well as the UL/DL resource allocation are given in Table 2 after RAN1#52 [3].
	
	DL/UL allocation
	Process number

	5ms periodicity
	1DL+DwPTS: 3UL
	7

	
	2DL+DwPTS : 2UL
	4

	
	3DL+DwPTS : 1UL
	2

	10ms periodicity
	3DL+2DwPTS : 5UL
	6

	
	6DL+2DwPTS : 3UL
	3

	
	7DL+DwPTS : 2UL
	2

	
	8DL+DwPTS : 1UL
	1


Table 2 Agreed maximum UL HARQ process number
After then, the further detailed uplink HARQ design is given in the following figures considering different UL/DL allocation. Three principles proposed in the section 2 are adopted to select the proper UL HARQ timing.
The detailed procedure is depicted by the following figures.
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Configure 0 - 1:3, RTT=11.67ms
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Configure 1 - 2:2, RTT=10ms
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Configure 2 – 3:1, RTT=10ms
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Configure 3 – 6:3, RTT=10ms
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Configure 4 – 7:2, RTT=10ms
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Configure 5 - 8:1, RTT=10ms
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Configure 6 – 3:5, RTT=12ms
Notes:

	D
	DL transmission

	U
	UL transmission

	
	Possible ACK/NACK

	a
	Downlink ACK/NACK


Figure 3 Uplink HARQ Timing
Based on the above analysis, the average Round Trip Time over time and all HARQ processes is given in the table below. The following characters are owned by our design:
· The average round trip time are equaled for each process;

· Since the Uplink HARQ pattern is subframe-specific, the process number can be implicitly derived by eNB and UE when one subframe is selected to transmit uplink data;
· The maximum number of ACK/NACK transmitted in parallel within one uplink subframe is equal or less than 2. Only configure 0 has multi(2)-ACK/NACK transmitted within a downlink subframe. The rest cases only transmit single-ACK/NACK within a downlink subframe.
	UL/DL allocation
	Process Number
	RTT
	Periodicity

	
	
	
	

	0
	7
	11.67ms
	5 ms

	1
	4
	10ms
	5 ms

	2
	2
	10ms
	5 ms

	3
	3
	10ms
	10 ms

	4
	2
	10ms
	10 ms

	5
	1
	10ms
	10 ms

	6
	6
	12ms
	10 ms


Table 3. RTT of UL HARQ process considering UL/DL allocation

4. Predefined PHICH resource 

The PHICH resource is predefined in FDD system by PHICH resource indicator field in PBCH for each DL subframe during long period. 

In TDD system, the PHICH resource on each DL subframe is different according to different frame allocation. By figure 3, it found that it might carries non ACK/NACK resource, single ACK/NACK resource or double ACK/NACK resource on different DL subframe. For example, in configure 0(DL/UL=1:3), subframe 0 carries two times ACK/NACK resource which feedback from two HARQ processes. 
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Table 4. Illustrate how many times PHICH resource in each DL subframe

Base on above discussion and figure 3, we summary table 4 to illustrate how much PHICH resource need to be predefined on each DL subframe under different frame allocation.  

The PHICH resource on each DL subframe is x,

where
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Which a is PHICH resource which calculate by PHICH resource indicator filed in PBCH and b is how many times PHICH resource need to transmit in each DL subframe 

The actually predefined PHCIH resource for each DL subframe could calculate by this formula.

________________________________________________________________________________________________
5. Conclusion

In this contribution, UL HARQ timing for TDD system is proposed based on 4 principles:
1． The overhead of ACK/NACK should be average in all subframes during the same round-trip time;
2． Uplink HARQ pattern should be subframe-specific;

3． The overhead in special subframe caused by ACK/NACK should be minimized;
4． Minimum delay from resource grant signalled to the position where it can be utilized by the UE. 
































































































































We propose that the Uplink HARQ Pattern designed in this contribution is discussed and accepted as the way forward.
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