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1. Introduction
In RAN2#63 meeting, the multiple patterns for semi-persistent scheduling (SPS) in uplink have been agreed for TDD [1]. It was also clarified that the main feature for multiple patterns was to provide 2 different intervals between adjacent SPS resources. In this paper we call multiple patterns as two-intervals-SPS for accurateness.

RAN 2 also agreed to consider the details of two-intervals-SPS in RAN2#63bis. This paper will discuss the configuration for two-intervals-SPS.
2. Discussion
2.1 Two-intervals-SPS patterns for different UL/DL configurations
As we know, the motivation of two-intervals-SPS is to resolve the collision between the second retransmission and SPS allocation, which happens when SPS periodicity is 20ms and HARQ RTT is 10ms. Considering all UL/DL ratios, the RTT of UL/DL configuration 0 and 6 are larger than 10ms. So we only consider two-intervals-SPS for configuration 1, 2, 3, 4, 5. 

Furthermore, assuming the two different intervals are T1 and T2, according to the rules of two-intervals-SPS, the sum of T1 and T2 always equals two times of SPS periodicity, which is the same as the concept in single pattern. The difference between T1 and T2 is several subframes, and a variable delta can be used to indicate it. Following formulas are used to calculate T1 and T2 if delta is given:

T1 = SPS periodicity + delta;

T2 = SPS periodicity - delta;

Table 1 shows all possible delta values of two-interval-SPS for UL/DL configuration 1, 2, 3, 4, 5 respectively. The detailed patterns can be found in Fig.1–Fig.4 in Appendix. It should be noted that the value of delta in table 1 and figures is calculated in subframe.
Table 1 Offset for UL/DL configurations
	UL/DL configuration
	delta in subframe

	1
	
[image: image1.wmf]±

1, 
[image: image2.wmf]±

4, 
[image: image3.wmf]±

5, 
[image: image4.wmf]±

6, 
[image: image5.wmf]±

9;

	2
	
[image: image6.wmf]±

5;

	3
	
[image: image7.wmf]±

1, 
[image: image8.wmf]±

2, 
[image: image9.wmf]±

8, 
[image: image10.wmf]±

9;

	4
	
[image: image11.wmf]±

1, 
[image: image12.wmf]±

9;

	5
	N/A


In table 1 the value of delta can be positive or negative. Two-intervals-SPS always starts from a long interval if delta is positive, and vice versa. For example, assuming T1 > T2, the first interval is always T1 if delta is positive; the first interval is always T2 if delta is negative. In the figures in Appendix, the patterns for UE1 are always started from a long interval, and for UE2 always started from a short interval. Two-intervals-SPS can not be used in configuration 5 due to only one UL process in this case.

2.2 Configuration of two-intervals-SPS
2.2.1 One PDCCH and two PDCCH?

In [2], a two-PDCCHs solution are described to configure two-intervals-SPS. In this way the two-intervals-SPS is looked as the overlapping of two single interval patterns. And the offset between two intervals are decided by the positions of two PDCCHs. Although two-PDCCHs solution provides more flexibility than one PDCCH in allocating SPS resource, it also introduces more special handling compared with current procedure. In addition, two-PDCCHs solution also increase the control overhead and decrease the reliability of SPS resource assignment. To keep common with current procedure, one PDCCH procedure is preferred. That means the offset information need be indicated in RRC signaling.
Proposal1: One PDCCH is used for (re)activating two-intervals-SPS, and the offset information is involved in RRC signaling.

2.2.2 How to indicate the offset?
To save the RRC overhead, it is proposed to calculate the offset in UL subframe. Then, table 1 can be rephrased as table 2:
Table 2 Offset for UL/DL configurations

	UL/DL configuration
	delta in UL subframe
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	N/A
	N/A
	N/A


In table 2, there are six cases when the delta is calculated in UL subframe, i.e. ±1, ±2 and ±3. Likewise, the positive value means starting from a longer interval, vice versa. The italic figures correspond to the delta in subframe in table 1. 
It seems that the ±1 UL subframe offset in table 1 for each UL/DL configuration will provide best delay performance. However, support the ±2 UL subframe offset will provide more flexibility in scheduling when taking the PRACH into account. 
Fig. 5 gives an example for UL/DL configuration 1 when the PRACHs are configured at the second UL subframe per half frame, in which case ±1 UL subframe offset is invalid and larger offset is needed.
Another example is given in fig.6 for UL/DL configuration 3, in which the PRACHs are in the second UL subframe per radio frame. Obviously, +2 UL subframes offset offers better delay performance than -1 UL subframe offset.
The offset in UL subframe is a relative value, so particular UL/DL configuration and the position of first SPS resource should be taken into account together when calculating T1 and T2. For example, in UL/DL configuration 3, if the SPS related information indicated in RRC signalling is 20ms periodicity and -2 UL subframe offset, and the PDCCH (re)activates the first SPS resource in third UL subframe of a radio frame, the first and second intervals of two-intervals-SPS are18ms and 22ms, respectively.
Proposal2: The offset are indicated in UL subframe offset.
Proposal3: 
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3 Proposals
In this paper, the configuration of two-intervals-SPS is discussed and as a conclusion, following proposals are given. RAN2 is kindly asked to agree these proposals.
Proposal1: One PDCCH is used for (re)activating two-intervals-SPS, and the offset information is involved in RRC signaling.

Proposal2: The offset are indicated in UL subframe offset.

Proposal3: 
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2 UL subframes offset are supported.
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Appendix
Possible patterns for two-interval-SPS for UL/DL configuration 1, 2, 3, 4 and 5 are given below respectively.
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Fig. 1 Two-intervals-SPS patterns for UL/DL configuration 1
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Fig. 2 Two-intervals-SPS patterns for UL/DL configuration 2

[image: image34.emf]D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D

Process ID 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

T1+T2 delta

21+19

δ=1

UE1UE2 UE2UE1 UE1UE2

22+18

δ=2

UE1 UE2 UE2 UE1 UE1 UE2

28+12

δ=8

UE2 UE1 UE2 UE1 UE2 UE1

29+11

δ=9

UE2 UE1 UE2 UE1 UE2 UE1

 Note: Delta is in subframe. 
Fig. 3 Two-intervals-SPS patterns for UL/DL configuration 3
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Fig. 4 Two-intervals-SPS patterns for UL/DL configuration 4
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Fig. 5 Avoid the collision with PRACH in UL/DL configuration 1
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Fig. 6 Avoid the collision with PRACH in UL/DL configuration 3
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