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1
Introduction
In RAN2#63, multiple periodicity patterns were agreed for TDD mode in principle but with the limited parameter configurations. It means more than one periodicities will be used for semi-persistent scheduling configuration. With multiple periodicity solution, a resource pattern with two different intervals like T1, T2, T1, T2…., are used to avoid the main collision between the second retransmission of previous packet and the SPS allocation (shown on Figure 1below). In the preferred signalling method in [1], one new parameter “delta” is added to the RRC signalling to do multiple periodicity configurations besides “SPS periodicity” information.  Then the multiple periodicities can be derived as follows: T1 = SPS periodicity + delta; T2 = SPS periodicity - delta; For example, if “SPS periodicity = 20 ms” and “delta = 1”, then T1 = 21 ms and T2 = 19 ms, so the final multiple periodicity patterns are [21 19 21 19 21 19….]. 
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Figure 1 multiple periodicity patterns

However it is not so simple to add the delta value to the RRC signalling, since the delta value have to depend on the TDD configurations and also the HARQ process that will be utilized for SPS. Because the HARQ process used in UL is unknown in time when RRC signalling is sent thus e-NodeB can not determine the correct delta at this point. If e-NodeB would also determine the UL HARQ process in the RRC signalling that would reduce the e-NodeB scheduling freedom, which is unwanted.

This document proposes a simple solution to configure multiple periodicity patterns with limited parameter set.

2
Discussion

2.1     Effectiveness for Different TDD Configurations 
The purpose of multiple periodicity patterns is to avoid the collision between the second retransmission of previous packet and the following SPS allocations. However, the collision may not take place frequently for some TDD configurations, or such scheme is not applicable for some TDD configurations. For example:

· There are 7 HARQ processes and 6 HARQ processes for TDD configuratons0 and configuration6 respectively, so the earliest collision only takes place after 70ms or 60ms. Moreover, quite many retransmission attempts have been carried out for both configurations before collision. 
· There is only one HARQ process for TDD configuration5, so although collision may happen, it can not support such configuration also. 
For simplicity and effectiveness purpose, we propose not to support multiple periodicity patterns for TDD configuration0, TDD configuration5 and TDD Configuration6. 
Proposal1: do not support multiple periodicity patterns for TDD configuration0, 5, and 6.

2.2
Definition of Delta Value

Due to the indentified problem to signal “Delta” value in RRC signalling in section1, herein we propose “Delta” value is not signalled by RRC signalling but it can be derived by the implicit rules below for different TDD configurations.  

For TDD configuration0 and configuration 6

· “Delta” = 0 (collision happens seldom even “Delta” was not used)

For TDD configuration 1~4
	· “Delta”  = “1” If the starting point of first persistent resource is not the last uplink sub-frame within 5ms periodicity (for configuration1) and 10ms periodicity (for configuration3 and configuration4)

	· “Delta” = “1- number of UL sub-frames” If the starting point of first persistent resource is the last uplink sub-frame within 5ms (for configuration1) or 10 ms periodicity (for configuration3 and configuration4)
· “Delta” = “1+ number of DL sub-frames” or “Delta” = “-1- number of DL sub-frames” if there is only one UL sub-frame within 5ms periodicity ( for configuration2)


For TDD configuration 5

· “Delta” = 0 (Multiple periodicities are not applicable because of only one HARQ process available)
It states different rules are made according to the starting point of first persistent resources, since downlink sub-frames should be avoided when we configure uplink SPS in TDD: If the starting point of first persistent resource is not the last uplink sub-frame within one frame periodicity (5ms or 10ms), then it has at least one following and neighbouring uplink sub-frame after multiple of 10ms period. So “delta =1” is always valid; however if the starting point of first persistent resource is the last uplink sub-frame within one frame periodicity (5ms or 10ms), then it has not the following and neighbouring uplink sub-frame after multiple of 10ms period. So the uplink sub-frame after the following continuous downlink sub-frames (1+ number of DL sub-frames) or the previous uplink sub-frame (1- number of UL sub-frames) should be used. But in order to minimize packet delay, we prefer to use (1- number of UL sub-frames) for delta; for TDD configuration2, there is only one UL sub-frame within 5ms periodicity, then either “Delta” = “1+ number of DL sub-frames” or “Delta” = “-1- number of DL sub-frames” can be used. 
Figure 2 shows an implementation example for TDD configuration1 with VoIP traffic (i.e 20ms inter-packet arrival time): HARQ process 1&3 is the first sub-frame in 5ms, so delta is 1, T1=21ms and T2=19ms; HARQ process 2&4 is the last sub-frame in 5ms, so delta is 1, T1=19ms and T2=21ms.   
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Figure 2 Example: “delta” implementation for TDD configuration1
Similarly, “Delta” for different TDD configurations was calculated and summarized in table1 below by above rule. Detail descriptions and explanations are shown in Annex A. 

Table 1 Table1 Implementation of “delta” value for different TDD Configurations
	Pattern Index
	Configuration
	Definition of Delta Value

	0
	1DL: 1ST: 3UL
	0

	1
	2DL: 1ST:2UL
	· HARQ Process 1&3: {1}

· HARQ Process 2&4: {-1}

	2
	3DL: 1ST:1UL
	· HARQ Process 1&2: {5} or {-5}  

	3
	6DL: 1ST:3UL
	· HARQ Process 1&2: {1}

· HARQ Process 3: {-2}

	4
	7DL: 1ST:2UL
	· HARQ Process 1: {1}

· HARQ Process 2: {-1}

	X§5
	8DL: 1ST:1UL
	0

	6
	2DL: 1ST:2UL:1DL: 1ST:3UL
	0


Proposal2a: Adopt implicit rule for delta value definition and fixed delta value.
2.3
On/off Switch in RRC Signalling 

We may not always need multiple periodicity configurations. Then for flexibility, it is better to add 1 bit on/off switch in RRC signalling: 

· To use On/off switch in RRC Signalling

It means that there is only on/off signalling of multiple periodicity patterns in RRC. Additionally it is proposed that this RRC signalling would be optional and default value (if signalling is not present) is off. 

Proposal2: Adopt implicit rule for delta value definition and fixed delta value and on/off switch in RRC signalling.
2.4
Starting Periodicity 
Besides the above signalling and delta value definition for multiple periodicity configurations, it should be determined whether to start with T1 or T2. For simplicity we would like to allow “negative” delta values also and always start with T1.  
Proposal3: The T1 equation will always determine the first time periodicity. 
3
Conclusion
How to configure multiple periodicity patterns was discussed. For simplicity and flexible configurations, 3 proposals were made:
Proposal1: do not support multiple periodicity patterns for TDD configuration0, 5, and 6.

Proposal2: Adopt implicit rule for delta value definition with fixed delta value and on/off switch in RRC signalling.
Proposal3: The T1 equation will always determine the first time periodicity. 
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Annex: Delta Implementation for Different TDD Configurations
Herein, to clearly understand the delta value, we give an implementation example for “delta” value for each TDD configuration (TDD Configuration 0~6) 

TDD configuration0:  “delta”= 0 for all the HARQ processes
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TDD configuration1:  “delta”= {1, -1}
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Herein, -1 is got in terms of "1- number of UL sub-frames".  

TDD configuration2:  “delta” = {5} or “delta” = {-5} 
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Or alternatively delta could be -5 for both HARQ processes.
TDD configuration3: “delta” = {1, -2}
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Herein, -2 is got in terms of "1- number of UL sub-frames".  

TDD configuration4: “delta” = {1, -1}
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Herein, -1 is got in terms of "1- number of UL sub-frames".  

TDD configuration5: “delta”= 0
    [image: image13.emf]Index of sub-frame 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

UL/DL Configuration D S U D D D D D D D D S U D D D D D D D D S U D D D D

HARQ Process 1 1 1


[image: image14.emf]HARQ process Delta value

1 0


TDD configuration6:  “delta” = 0 (collision happens seldom even “Delta” was not used)
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