3GPP TSG RAN WG1 Meeting #88                                              	R1-1701933
[bookmark: _GoBack]Athens, Greece 13th - 17th February 2017

Source:	Panasonic
Title: 	Discussion on reserved subframes in V2X
Agenda Item:		7.2.1.4
Document for:		Discussion and Decision
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Followings were agreed in RAN1#86bis meeting [1], 
Agreements:
· A pool is configured with a number of reserved subframes such that the bitmap is repeated in an integer number within the DFN range.
· V2V logical subframe index is not allocated to a reserved subframe.
· The location of the reserved subframes is indicated by an implicit way (details FFS until next meeting).

In RAN1#87 meeting above issue was not concluded. Therefore, this document would like to continuously discuss how to determine location and number of resource subframes in an implicit way.
Discussion
Some collision may happen if UEs reserve the resources based on the bitmap which is cross the DFN cycle boundary, as shown in Figure 1 so RAN 1 agreed “reserved subframe" concept to realize integer times of bitmap repetition within DFN cycle. 
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Figure 1 collision problem if bitmap is not repeated by integer times within DFN cycle

Basically there are two options on how to reserve the “reserved subframes” implicitly as following. For V2X, the worst case of latency is quite important for safety operation perspective. The reserved subframes should be distributed in order to reduce the worst case delay. Therefore, we didn't consider the option that reserved subframes are just located at the end of DFN cycle.
Option 1: Location of reserved subframes is fixed regardless of bitmap size. The number of reserved subframes depends on bitmap size.
Option 2: Both location and number of reserved subframes depend on bitmap size
One example of option 1 is like Figure 2. Some explanation is following. 
· There are 10240 subframes within a DFN cycle and 64 SLSS subframes are excluded for V2X resource pool assuming 160ms periodicity of SLSS subframe so remaining V2X subframes are 10240-64=10176 subframes
· One reserved subframe is located after every  100 subframes (HFN) from start of DFN cycle. This reserved subframe insertion continues until the number of reserved subframes is utilized.   
· For bitmap size 16, the number of reserved subframes is 0  as 10176 mod 16 = 0
· For bitmap size 20, the number of reserved subframes is 16. The position of reserved subframe is at subframe #0, subframe#100, subframe #200, …, subframe#1500.  No reserved subframe is inserted after these subframes.
· For bitmap size 100, the number of reserved subframes  is 76. The position of reserved subframe is at subframe#0, subframe#100, subframe #200, …, subframe#7500.  No reserved subframe is inserted after these subframes.
· Note that reserved subframe should not overlap with SLSS subframe or any other subframe that should be excluded for resource pool.
The merit of such solution is it is a common solution and simple from spec point of view. But it is not optimized for some bitmap sizes as the distance of two adjacent reserved subframes is not so distributed within DFN cycle. 
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Figure 2 Fixed positions of reserved subframes regardless of bitmap size (option 1)

One example of option 2 is like Figure 3. Some explanation is following. 
· There are 10240 subframes within a DFN cycle and 64 SLSS subframes are excluded for V2X resource pool assuming 160ms periodicity of SLSS subframe so remaining V2X subframes are 10240-64=10176 subframes
· One reserved subframe is per X subframes and the calculation of X is based on following formula
· Y1 = (number of total subframes within a SFN/DFN cycle – number of excluded subframes within a SFN/DFN cycle) 
· Y2 = (Y1 mod (bitmap size)) 
· X = FLOOR (Y1 / Y2)
· Based on the formula above, for bitmap size 16, there is no need to reserve “reserved subframes” as the bitmap can be repeated by integer times
· For bitmap size 20, Y1 = 10176, Y2 = 10176 mod 20 = 16, X = floor (10176 / 16) = 636
· For bitmap size 100, Y1 = 10176, Y2 = 10176 mod 100 = 76, X = floor (10176 / 76) = 133
· Note that reserved subframe should not overlap with SLSS subframe or any other subframe that should be excluded for resource pool.
It is obvious that in option 2 the distance of reserved subframes are optimized (distributed as much as possible). It is a little complicated from spec point of view but could be acceptable.  
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Figure 3 Both location and number of reserved subframes depend on bitmap size (option 2)
As each option has its pros and cons, we propose 
Proposal 1: RAN1 should consider fixed position (option 1) or bitmap size dependent position (option 2) of reserved subframe. 
Proposal 2: Distance of two adjacent reserved subframes should be large as much as possible to reduce the impact of latency.

In option 2, regarding the procedure to identify reserved subframes, based on our understanding UE should 1) exclude “excluded subframes” first, for example SLSS subframes, subframe offset of resource pool, downlink subframe and special subframes (in TDD) and calculate remaining V2X subframes within a SFN cycle 2) UE identifies the positions and number of reserved subframes within remaining V2X subframes within a SFN cycle based on option 1 or option 2 proposed above. 
Proposal 3: UE should exclude “excluded subframes” first and determine position and number of reserved subframes within a SFN cycle. Excluded subframes could at least include SLSS subframes, subframe offset of resource pool, downlink subframe and special subframes (in TDD).

Conclusion
In this contribution we mainly discussed the reserved subframes in V2X. Our proposals are 
Proposal 1: RAN1 should consider fixed position (option 1) or bitmap size dependent position (option 2) of reserved subframe. 
Proposal 2: Distance of two adjacent reserved subframes should be large as much as possible to reduce the impact of latency.
Proposal 3: UE should exclude “excluded subframes” first and determine position and number of reserved subframes within a SFN cycle. Excluded subframes could at least include SLSS subframes, subframe offset of resource pool, downlink subframe and special subframes (in TDD).
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