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1. Introduction
According to  ‎[2] , for TDD, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k>3 according to the PDCCH information. In the present contribution, we propose how to define the delay k and how to extend the formulation for the DCI control information field “UL Index” as defined in ‎[1].
2. Discussion

2.1. Alignment with PHICH transmission timing

For FDD, the PHICH in response to an UL transmission in subframe n will be provided by the eNodeB in subframe n+4 and the terminal may then respond with a retransmission in subframe n+8. Furthermore, since adaptive HARQ is supported in the UL, the eNodeB can send an UL grant in subframe n+4 modify some of the parameters of the transmission.   For TDD, the timing relations are not adequate since subframe n+4 is not necessarily a DL subframe and subframe n+8 is not necessarily an UL subframe. In our contribution ‎[3], we outline the timing relations for PHICH for UL HARQ for TDD.    More specifically, in that contribution we propose 
· Certain DL subframes contain no PHICH groups for certain UL:DL configurations

· For UL:DL configuration 0, subframes 0 and 5 contains PHICH groups for two UL subframes.
· For UL:DL configuration 6, the PHICH is not transmitted as late as possible but instead in advance in order balance the number of PHICH groups between the DL subframes. This can be done without increasing the number of UL HARQ processes.
More specifically, the UE shall adapt its UL transmission in subframe n in response to a PHICH in subframe n-k as shown in Table 2.
Table 2: PHICH timing in terms of k 

	Configuration
	UL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	7
	7
	4
	-
	-
	7
	7
	4

	1
	-
	-
	6
	4
	-
	-
	-
	6
	4
	-

	2
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	-
	-
	4
	4
	4
	-
	-
	-
	-
	-

	4
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


To simplify the specification and possibly also from a DRX perspective it is preferable to align the transmission of UL grants with transmissions of PHICH.  With Table 2 as a starting point, this would require that a UL grant transmitted in subframe m  should be able to affect the UL transmissions in subframes  m+l according to Table 3.
Table 3:  UL grant timing stemming from alignment with PHICH timing. 
	Configuration
	DL subframe number m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4,7
	7
	-
	-
	-
	4,7
	7
	-
	-
	-

	1
	-
	6
	-
	-
	4
	-
	6
	-
	-
	4

	2
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	3
	4
	-
	-
	-
	-
	-
	-
	-
	4
	4

	4
	-
	-
	-
	-
	-
	-
	-
	-
	4
	4

	5
	-
	-
	-
	-
	-
	-
	-
	-
	4
	-

	6
	7
	7
	-
	-
	-
	7
	7
	-
	
	5


2.2. Latency aspects for initial transmissions
Since the transmission timing of the PHICH was chosen to spread the PHICH groups as even as possible between the DL subframes, aligning the transmission timing for the UL grants with the transmission timing for the  PHICH will cause additional unnecessary delays for the initial transmissions.   For example, for configuration 6, from a UL grant perspective for an initial transmission, the delays are unnecessarily large.  If we were to chose the timing relations for the UL grants so as to minimize the delay between the DL subframes and to associate each UL subframe with as few as possible the downlink subframes, we would obtain slightly different table, namely Table 4.
Table 4:  Alternative UL grant timing for minimum latency 
	Configuration
	DL subframe number m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6,7
	-
	-
	-
	4
	6,7
	-
	-
	-

	1
	-
	6
	-
	-
	4
	-
	6
	-
	-
	4

	2
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	3
	4
	-
	-
	-
	-
	-
	-
	-
	4
	4

	4
	-
	-
	-
	-
	-
	-
	-
	-
	4
	4

	5
	-
	-
	-
	-
	-
	-
	-
	-
	4
	-

	6
	4
	6,7
	-
	-
	-
	-
	6
	-
	-
	4


2.3. Proposal
To be able to both align grants with PHICH for retransmissions as well as to be able to transmit a grant as late as possible to reduce the one way latency, Tables 3 and 4 may be combined into Table 5.
Table 5:  UL grant timing for minimum latency and alignment with PHICH transmission. 
	Configuration
	DL subframe number m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6,7
	-
	-
	-
	4
	6,7
	-
	-
	-

	1
	-
	6
	-
	-
	4
	-
	6
	-
	-
	4

	2
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	3
	4
	-
	-
	-
	-
	-
	-
	-
	4
	4

	4
	-
	-
	-
	-
	-
	-
	-
	-
	4
	4

	5
	-
	-
	-
	-
	-
	-
	-
	-
	4
	-

	6
	4,7
	6,7
	-
	-
	-
	7
	6,7
	-
	-
	4,5


As can be seen from Table 5 the minimum required flexibility for both cases is hence that an UL grant can address up to two UL subframes for configuration 0 and for (almost all DL subframes of) configuration 6.   More specifically the grant in a given DL subframes needs to address the first available UL subframe and/or the next available UL subframe for these two configurations. At the same time, actually exploiting the flexibility may not be trivial from a scheduler implementation point of view.  
In order not to add too much flexibility, but still maintain some generality, and allow for load balancing between different DL subframes a basic solution would be to allow multiple TTI grants in all DL subframes for configurations 0 and  6.  This would lead to the following proposals
Proposal 1: For TDD, the UL index of DCI format 0 contains up to two (2) bits
Proposal 2: For UL-DL configurations 0 and 6, PDCCH with DCI format 0 can be transmitted in any DL subframe. For UL-DL configurations 1-5, a PDCCH with DCI format 0 can only be transmitted in DL subframes in which there are PHICH groups allocated.
Proposal 2a:  For UL:DL configurations 0 and 6, a PDCCH with DCI  format 0 can independently address at least two different UL subframes. 

Proposal 2b: For UL:DL configurations 1-5, a PDCCH with DCI format 0 refers to a single UL subframe.
Proposal 3a:  For UL:DL configuration 0 and 6, a PDCCH with DCI format 0 transmitted in DL subframe n affects the transmission in subframe n+k1 if the first bit of the UL index is one and subframe n+k2 if the second bit of UL index is one.   Here k1  and k2  are the minimum integer values such that subframes n+k1  and   n+k2  are UL subframes and satisfy 3< k1 < k2.  

Proposal 3b:  For UL:DL configurations 1-5, a PDCCH with DCI format 0 transmitted in DL subframe n affects the transmission in subframe n+k  where k  is the minimum integer value such that subframe n+k and k>3 is an UL subframe.
The proposal results in Table 6.
Table 6:  Proposed UL grant timing 
	Configuration
	DL subframe number m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4,7
	6,7
	-
	-
	-
	4,7
	6,7
	-
	-
	-

	1
	-
	6
	-
	-
	4
	-
	6
	-
	-
	4

	2
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	3
	4
	-
	-
	-
	-
	-
	-
	-
	4
	4

	4
	-
	-
	-
	-
	-
	-
	-
	-
	4
	4

	5
	-
	-
	-
	-
	-
	-
	-
	-
	4
	-

	6
	4,7
	6,7
	-
	-
	-
	7,8
	6,7
	-
	-
	4,5


2.3.1  Generalized proposal

When it comes to configuration 0, one argument to allow for multiple TTI scheduling has been overhead reduction and also to be able to balance the load for UL grants between different DL subframes.  This benefit would in principle apply to all configurations. Furthermore, considering that configuration 0 anyway has to be handled, that there could be a benefit also configuration 6 as well as for other configurations in terms of latency and load balancing, one could consider allowing for the multiple TTI grants for all configurations.  A side effect of this would be that the number of different UL grant formats could be reduced in order to avoid various chicken-and-egg problems, see also ‎[4].  Furthermore, since there typically anyway not is a fixed timing relation between the DL subframe in which the grant is transmitted and the corresponding UL grant due to the discontinuous nature of TDD it is also possible to consider that an UL grant could be transmitted in any DL subframe.
This would lead to the following general principles, which are inline with for example ‎[4].
Proposal 1’: For TDD; independent of UL:DL configuration,  the UL index of DCI  format 0  contains up to  two (2) bits and can independently  address  (at least)  two different UL subframes.
Proposal 2’: For TDD, a PDCCH with DCI format 0 transmitted in DL subframe n affects the transmission in subframe n+k1 if the first bit of the UL index is one and subframe n+k2 if the second bit of UL index is one.   Here k1  and k2  are the minimum integer values such that subframes n+k1  and   n+k2  are UL subframes and satisfy 3< k1 < k2. 
Proposal 3’: For TDD, independent of UL: DL configuration, a PDCCH with DCI format 0 can be transmitted in any DL subframe

We note that there are proposals to encode the UL control index together with the CQI request bit ‎[6]  and to consider the possibility to address even more than two DL subframes ‎[5]. Our preference at the current stage is to adopt an as simple and general principle as possible as first step in order to progress, and later revisit to see if and how to use the case with both UL index bits set to zero, for example to match the size of the UL and DL grants and whether to limit the DL subframes in which the UL grants for initial transmissions and retransmissions may be transmitted for a given UL subframe.
The major drawback of this more general proposal is that flexibility may be added for which there is limited use. The major advantage is that the same general principle applies to all UL:DL configurations and all DL subframes, and hence the number of special cases and exceptions is reduced.

In Table 6, the resulting possible grant timings are given. As can be seen, the available amount of flexibility is a bit more than what is really needed. 
Table 6:  UL grant timing for generalized 
	Configuration
	DL subframe number m

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4,7
	6,7
	-
	-
	-
	4,7
	6,7
	-
	-
	-

	1
	7,8
	6,7
	-
	-
	4,8
	7,8
	6,7
	-
	-
	4,8

	2
	7,12
	6,11
	-
	4,9
	8,13
	7,12
	6,11
	-
	4,9
	8,13

	3
	4,5
	11,12
	-
	-
	-
	7,8
	6,7
	5,6
	4,5
	4,5

	4
	12,13
	11,12
	-
	-
	8,9
	7,8
	6,7
	5,6
	4,5
	4,13

	5
	12,22
	11,21
	-
	9,19
	8,18
	7,17
	6,5
	5,4
	4,14
	13,23

	6
	4,7
	6,7
	-
	-
	-
	7,8
	6,7
	-
	-
	4,5


3. Conclusion

In the present contribution, a basic form of UL grant for TDD was discussed. More specifically, as a starting point we propose to adopt a solution with limited flexibility, characterized by the following
· an UL index of length of (up to)  two (2) bits for PDCCH DCI format 0,
· the PDCCH with DCI format 0 can be used to address one UL subframe for configurations 1-5 and one or two UL subframes for configurations 0 and 6.
· the PDCCH with DCI format 0 can be transmitted in any DL subframe for configuration 0 and 6 but only in DL subframes where PHICH is transmitted for configurations 1-5.
We propose that this very basic format is adopted as a first step, and sketch in the Appendix how this can be captured in the specifications. Note that the proposal does not include an update of the PHICH timing. Furthermore, we would also propose to discuss the more general solution in Section 2.3.1.
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Appendix

From 36.212, v8.1.1, Section 5.3.3.1.1:
- Retransmission sequence numberNew data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits

- [Cyclic shift for DM RS – 3 bits]

- [Transmit antenna selection]
- UL index (this field just applies to TDD operation, at least for UL-DL configuration 0 and 6) –2bits
- CQI request – 1 bit

From 36.213 v8.1.1
8
Physical uplink shared channel related procedures

For FDD, there shall be 8 HARQ processes in the uplink.  For FDD, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+4 according to the PDCCH and PHICH information.

For TDD, the number of HARQ processes shall be determined by the DL/UL configuration.  
· For TDD configuration 0 and 6, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe  n+k1, if the first bit of the UL index of the DCI is set and    n+k2, if the second bit of the UL index of the DCI is set. Here  k1 and   k2  are the minimum integers such at subframes n+k1, and   n+k2  are UL and 3< k1,< k2,  with k>3  and the adjustment is made according to the PDCCH and PHICH information. 
· For TDD configuration 1-5, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE adjust the corresponding PUSCH transmission in subframe  n+k, where k  is the minimum integer such that subframe n+k is  UL and k>3.  
Furthermore, for TDD, the UE shall upon detection of a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe  n+k   with k>3 according to the PHICH information.




































































































































































































































