3GPP TSG RAN WG1 Meeting #78 

                   R1-143136
Dresden, Germany, 18 – 22 August 2014
Source:
ZTE
Title:
SA Pattern Design
Agenda item:
7.2.3.1.1
Document for:
Discussion/Decision 
1 Introduction
At RAN1 #77 meeting, the working assumption on SA transmission is as follows [1]:
Agreement:  

· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair

· Retransmissions of  SA are supported

· FFS whether Chase combining

· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2
In this contribution, we present out view, following the agreements from RAN1#77. In particular, we discuss the rule of SA pattern design and address some of the FFS items. 
2 Discussion SA pattern design
According to the agreement in RAN1#77, SA retransmission is supported, with the following three motivations. First, SA information retransmission has combination gain. Second, retransmission provides more receiving chances in a resource period, especially for the newly joined D2D UEs. Third, with some elaborate retransmission resource allocation, it could alleviate the half-duplex issue that an SA transmitting UE cannot receive other UEs’ SA. The third aspect may be of significance on D2D communication when a large number of UEs transmit SA simultaneously. Certainly, retransmission requires more SA resources in a resource period, which are TDM with data channel resources. In another words, more subframes need to be allocated for SA retransmission.

Fixed SA retransmission scheme should be considered in order to simplify the operation of D2D UE, especially for UEs to receive control signaling. It means that the SA retransmission times and the resource of every SA retransmission can be derived from the resources of first transmission of SA. The scheme should be applicable for both Mode 1 and Mode 2.

SA resource is TDM with data channel resource, a single transmission (i.e. 1 subframe) of SA corresponds to 1 PRB-pair or 2 PRB-pair. The frequency resources in an SA subframe can be divided into several SA frequency resources that are used for a transmission of an SA message by a UE. According to agreement of #77, the resource of SA retransmission should be known and fixed in the specification within an SA resource period. It means that the SA retransmitting time/ frequency resources should be pre-defined or rely on the number of transmissions of SA. So the SA patterns need to be specified in order to allow signaling of time-domain pattern indexes in the resource grant. And within the SA pool, same SA patterns are defined for mode1 and mode2. The same SA is transmitted twice or four times. 
The SA patterns need to have the following properties:
· Frequency hopping to fulfill the link RSRP requirements with a reasonable number of retransmissions
· Resources distributed over different subframe to get time diversity gain
· Low overhead for control resource

· Be able to hear each other as many as possible  
An example of  pre-defined SA patterns as shown in Fig.1 where the same SA is transmitted twice within an SA resource period. 
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                              Fig 1. A transmission pattern of SA (two transmissions of SA, various retransmission delays)
Resource pools can either be pre-defined or configured by the network. According the number of SA subframe in a SA resource period, we can divide SA frequency resource into several frequency groups so that the number of SA frequency resources in a frequency group is one less than the number of SA subframes in SA resource period, as shown in Fig1. There are 5 SA subframes in a SA resource period; it will have 20 SA resources in a frequency group. A transmission resource pool will be divided into several frequency groups, each frequency group indentified by a group number, and including a set of subframe and frequency resources. 
As shown in Fig. 1, the same SA is transmitted twice within a SA resource period; the same index of SA will transmit the same SA message in the SA pattern. It would help transmitting UEs to listen to each other at least once in a frequency group. The pattern can be presented as
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The line index is k, the row index is m. max(subn) is the max numbers of SA subframe in a SA resource period. max(subn) = 5 in this example, so  k and m; are within 1 and 4;  They should meet the constraint that k + m <= 5, then we will put result of Eq. (1) into grid [k, m] below, as shown in Fig. 2
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Fig 2

Then reading the number of red curve as SA index of the first line in an SA frequency group, the number is [1, 5, 8, 10, 4]; reading the number of blue curve as SA index of the second line in an SA frequency group, the number is [2, 6, 9, 3, 7]; then invert the order from the lowest line reading number of blue curve as SA index of the third line, the number is [3, 7, 2, 6, 9], the inverted order read number of red curve as SA index of  the fourth line, the number is [4, 1, 5, 8, 10]; It then forms SA index in a frequency group. Scattered indices can help to mitigate the half duplex issue.
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Fig 3 SA pattern with four transmissions in an SA resource period
As shown in Fig 3, the same SA is transmitted four times within an SA resource period. The same index of SA corresponds to the same SA message in the SA pattern. It would ensure to listen to each other once in a frequency group.
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The line index is k，k <= 5, the row number is m, ranging from 1 to 4,for the four time transmission, the SA resource unit in a SA frequency group needs to be multiple of 4. 
Proposal 1: SA pattern can be pre-configured and should ensure listening to each other in a frequency group.
Proposal 2: Based on the requirement for the number of transmitting UEs that can listen to each other, and the number of subframes in an SA transmission period, frequency resource pool of SA can be divided into multiple groups. 
3 Retransmissions of SA 
In RAN1#77, Chase combining is FFS. Chase combining is simpler than IR combining and requires less buffer size. Therefore it should be appropriated. 
Proposal 3: chase combination is supported in SA retransmissions.
4 Number of transmissions of SA
More number of transmissions of SA can enhance reliability in low signal to noise ratio scenario. However it comes with the cost of more resources needed. So the number of transmissions of SA can be configured depending on the operating environment.
Proposal 4: Total number of transmissions of SA is (pre-) configurable among two values
5. Conclusion
Proposal 1: SA pattern can be pre-configured and should ensure listening to each other in a frequency group
Proposal 2：Based on the requirement for the number of transmitting UEs that can listen to each other, and the number of subframes in an SA transmission period, frequency resource pool of SA can be divided into multiple groups.
Proposal 3： Chase combination is supported in SA retransmissions
Proposal 4： Total number of transmissions of SA is (pre-) configurable among two values
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