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1
Introduction
In RAN1 #78, the following were agreed for SA transmission:
Agreements:

· Number of transmissions: Always 2

· Both transmissions use RV0

Also in RAN1 #78, the DCI fields for mode 1 were agreed:

Agreement:
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Hopping flag 1 1

Data RB allocation 5 13

T-RPT index 7 7

SA resource index 6 6

TPC 1 1

TOTAL: 20 28

Rel-8 Format 0 21 28


· SA resource index is an index into the SA resource pool and indicates both time and frequency dimensions. 

· FFS whether the mapping of the indices to the pool is fixed in the specification or configured by higher layer signalling

· Details FFS

· TPC bit switches between maximum available power and open-loop power control

· T-RPT index is 7 bits in both D2D Grant and SA for both Mode 1 and Mode 2

· Mode 1 grant refers to the next instance of SA resource pool that starts at least 4ms after the subframe on which the Mode 1 grant is transmitted

As for SA resource pool configuration, the following were agreed:
Agreement including the marked changes:

· Resource size for SA is 1 PRB pair

· In a given subframe, the maximum supported size of the combined SA resource pools (i.e. the sum of the mode 1 and mode 2 SA resource pools) is 50

· No search space is defined within the SA resource pool. 

Agreement:

· Transmission and reception resource pool for SA, Discovery, and Mode 2 data of a cell is indicated using

· subframeBitmap: 

· 1 indicates subframe with D2D resources

· 0 indicates subframe with no D2D resources

· offsetIndicatorInitialization: Offset indicator used to determine the start of a resource pool 

· The indicator is from SFN 0 of FFS between

· Serving cell or neighboring cells 

· Only serving cell

· Granularity of 1 sub-frame

· RAN2 can choose to signal this parameter using 2 offsets

· The granularity of one of the two offsets does not need to be 1 subframe

· prbLength: length of a D2D allocation in PRB 

· Does not represent the total D2D allocation in a sub-frame

· startPRB: D2D transmissions on a subframe can occur on PRB index greater than or equal to this value and less than startPRB+prbLength 

· endPRB: D2D transmissions on a subframe can occur on the PRB index lesser than or equal to this value and greater than endPRB-prbLength 

· Subframe bitmap details:

· For FDD, subframeBitmap refers to contiguous set of uplink subframes. 

· For TDD, subframeBitmap refers to contiguous uplink sub-frames of a TDD configuration

· TDD configurations that the UEs are to assume for the neighboring cells are signalled

· FDD: subframe bitmap length is 40

· TDD (Working Assumption):
· config 1-5: subframe bitmap length is twice the number of uplink sub-frames within a radio frame

· config 6: subframe bitmap length is 30

· config 0: subframe bitmap length is 42

· FFS whether any limitations are applied to the subframe bitmaps (e.g., limitations to the number of used subframes in the subframe bitmap)

· FFS in RAN2 the details on how the subframe bitmaps and pools are signaled

· FFS if the pre-configured pools are FDD or TDD, and how this is signaled, if needed

2
Discussion
From the agreements achieved in RAN1 #78, we note the SA transmission uses 2 transmissions with redundancy version 0. From the size of SA resource index for mode 1 (6 bits), there are at most 64 transmission patterns at mode 1. 

Some agreements were achieved concerning T-RPT from the email discussion after RAN1 #78:

N = 8 for TDD configuration 1,2,4,5 with k={1,2,4,N} for mode 1 and k = {1,2,4} for mode 2

It seems the design considerations on N proposed for data T-RPT can be applied for SA also, as SA transmission patterns face the same issues as data T-RPT for various TDD configurations. We note N is the number of 1’s in the subframeBitmap for SA. 
We also note some difference between data T-RPT and SA transmission pattern design: for the data transmission, besides the T-RPT index, PRB(s) for data transmission are indicated separately. However, the separate signalling of the T-RPT and PRB usage may not be very efficient given the limited number of bits for SA resources (i.e. 6 bits). Also the data transmission can have different sizes while a single SA transmission always takes 1 PRB pair. 
It is also clear depending on the configured prbLength the resource for SAs can be different. Using some concrete numbers for the sake of example may bring into perspective desired features of the SA transmission patterns. With N = 8, and k = 2 (k is the number of SA transmissions per SA message), at most we can accommodate Comb(N=8,k=2)=28 UEs with mutually hearable patterns. If N=12, then from Comb(N=12,k=2)=66, we can choose up to 64 transmission patterns with mutual hearability out of them. 

In figure 1, we show a design with N = 8, and 32 patterns on one SA resource segment. In the figure, we show two SA resource segments can be configured. In total, 64 patterns can be selected by 6 bits. It can be seen that the 2 transmissions associated with one SA resource index are placed close to the startPRB and to the endPRB respectively. The mapping of SA patterns in SA resource segment 1 into PRBs is shown in figure 3.
In figure 2, we show a design with N = 12 and 64 patterns. It can be seen the 2 transmissions associated with one SA resource index are placed close to the top (startPRB) and to the bottom (endPRB) respectively, so the maximum frequency diversity is achieved. 

In mode 1, when the D2D traffic load is low, eNB can use SA resource with lower indices so the PRBs located away from startPRB and endPRB are not occupied or fragmented by SAs, and they can be used for cellular uplink data transmission.

Proposal 1: The combinatorial design is adopted for Scheduling Assignment, as exemplified by the two designs above.
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Figure 1 N=8 SA design, with two SA resource segments, and 32 patterns per SA resource segment. Index q in the figure corresponds to time-frequency resource for SA transmission according to pattern q.
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Figure 2 N=12 SA design, with 64 patterns. Index q in the figure corresponds to time-frequency resource for SA transmission according to pattern q.
In general, SA plays two roles in the D2D communications: one role is similar to that of PDCCH, which provides the resource assignment information and other information to receive UEs; another role is similar to that of PRACH. As there is no central node to coordinate the D2D data transmissions in mode 2, UEs need to contend for SA resource, and when the number of SA transmission patterns is large, the collision probability becomes small. Of course, the collision probability on SA is also affected by the number of transmit UEs. And for different numbers of transmit UEs, to maintain the same level of collision probability, the required number of transmission patterns can be different.  There should be parity between the capacity for D2D data and SA, otherwise one of them becomes the bottleneck of D2D communications. We can consider several scenarios below:
1. When the system bandwidth is small, e.g 1.4 MHz, there are at most 6 PRBs in total for SA even if no PRBs are reserved for PUCCH, and that will not be enough to map all 64 transmission patterns into. Of course, in this case, one can ask whether all 64 transmission patterns are needed considering the D2D traffic load over 1.4 MHz will not be very high. 
2. In other cases, even if the system bandwidth is large, e.g. 20 MHz, there are enough PRBs to map all 64 transmission patterns into, the D2D traffic load may be low, hence not all 64 transmission patterns are needed. 
In the mapping of transmit patterns to physical resource (see figure 3), from the discussion above we need to consider system bandwidth, the available PRBs for SA, as well as D2D traffic. We also need to consider another scenario: at times it may be desirable to map SA transmission patterns into sparsely spaced PRBs so IBE can be mitigated at the expense of higher SA overhead. For example, with N=8, from figure 1, all 64 transmission patterns can be mapped to 16 PRBs. However, if those 64 transmission patterns are mapped to 32 PRBs or 48 PRBs, then some “guard” PRBs can be created between SA transmissions so the IBE issue will be less severe. 
Observation: The mapping between SA resource index and physical resources needs to be flexible to N in terms of system bandwidth, the number of SA patterns, and the available resource for SA.  
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Figure 3 Mapping from SA resource index to PRBs
In figure 3, the mapping from SA pattern index to PRBs is shown. Note the example is for N=8 with only one SA resource segment is needed. As noted above, there can be different requirements on the number of SA patterns, and also the size of prbLength can be different. We need to have a mapping rule which can handle all resulted combinations. In the following, we provide two alternatives.
In Alternative 1, the mapping can take the form below for the part starting from startPRB:
PRB_index = startPRB + floor(prbLength/(single side SA parallel resource size (4 in figure 3)) x parallel resource index) + shift_value

for the part starting from endPRB:

PRB_index = endPRB - floor(prbLength/(single side SA parallel resource size (4 in figure 3)) x parallel resource index) - shift_value

In the example above, prbLength = 8, single side SA parallel resource size = 4, parallel resource index = 0,1,2,3, shift_value = 0..

Shift_value can be used to offset the PRBs used SAs in adjacent cells so some frequency reuse pattern can be exploited to mitigate interference. For example, in an adjacent cell, Shift_value = 1 can be used.
Note the mapping is defined by three parameters: SA parallel resource size, prbLength, and Shift_value

In Alternative 2, the mapping is defined by two parameters, Shift_value and the incremental step. For the part staring from startPRB:
PRB_index = startPRB + (parallel resource index-1) x (the incremental step) + Shift_value 
For the part starting from endPRB:

PRB_index = endPRB - (parallel resource index-1) x (the incremental step) - Shift_value 

If a SA resource index would lead PRB_index to go beyond startPRB+prbLength-1 or go below endPRB+prbLength+1, then that index is not eligible for use by any UE. In this way, the physical limitation due to small small bandwith (say 1.4 MHz) can be automatically taken care of, and a unified treatment can be used.
Proposal 2: Evenly spaced frequency mapping from SA resource indices to PRBs are used. Alternative 1 or Alternative 2 is adopted for the mapping definition.
3
Conclusion
In this contribution, we discuss Scheduling Assignment pattern design, and we have 
Proposal 1: The combinatorial design as exemplified by above two designs is adopted for Scheduling Assignment.

Observation: The mapping between SA resource index and physical resources needs to be flexible to N in terms of system bandwidth, the number of SA patterns, the available resource for SA,  

Proposal 2: Evenly spaced frequency mapping from SA resource indices to PRBs are used. Alternative 1 or Alternative 2 is adopted for the mapping definition.
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