
3GPP TSG RAN WG1 Meeting #87	                                                                             R1-1611338
Reno, USA 14th - 18th November 2016


Source:	CATT
[bookmark: Title]Title:	Discussion on reserved subframe
[bookmark: Source]Agenda Item:	6.2.1.7
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
The following agreement was achieved in RAN1#86 [1]:
· V2V pool is defined by a repeating bitmap mapped to all subframes except for at least SLSS subframes which are skipped
· The bitmap length is 16, 20, or 100.
· FFS if/how to handle the case where the bitmap does not repeat an integer number of times within the DFN period
· The bitmap defines which subframes are allowed for V2V SA/data transmission and/or reception for a pool.

[bookmark: OLE_LINK3]The following agreement was achieved in RAN1#86bis [2]:
· A pool is configured with a number of reserved subframes such that the bitmap is repeated in an integer number within the DFN range.
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102]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).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The resource selection on TDD shared carrier was discussed in [3]. As a companion contribution, we discuss the indication of the location of the reserved subframes.
Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Reserved subframes
Because the location of the reserved subframes is suggested to be indicated by an implicit way, the signaling overhead should be minimized and UE can calculate the reserved subframe by the pre-defined rules.
The reserved subframes of LTE V2X are defined with the following conditions:
1) [bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98]In case of PC5/Uu shared TDD carrier, all DL subframes and Special subframes are reserved subframes; [3]
2) [bookmark: OLE_LINK43][bookmark: OLE_LINK44]All synchronization subframes that can be used to transmit the SLSS and PSBCH. [3]
3) [bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Except condition 1) and 2), the remainder subframes in SFN/DFN period (10240 ms) cannot be divisible by the bitmap length (e.g. 16, 20, 100 for dedicated carrier). [2]
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]In case of PC5/Uu shared TDD carrier, because the uplink and downlink subframe configurations can be obtained from system information for in coverage UEs or PSBCH for out of coverage UEs, the location of such kind of reserved subframes can be indicated as legacy method [4]. 
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Reusing R12 D2D, the synchronization subframes can be indicated with SyncOffsetIndicator and DFN/DFN subframe [4].
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Because V2X services are strictly limited by the latency requirements and the reserved subframes cannot be used as the transmitting subframes, if the reserved subframes are concentrated into contiguous subframes, tremendous delay will occur in this resource gap and packet latency requirement may not be met in this case. 
Based on the above analysis, the reserved subframes of condition 3) should be scattered in SFN/DFN period (10240 ms). 
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK18]Proposal 1: Considering of the latency requirements and the reserved subframes not used as the transmitting subframes, the reserved subframes of condition 3) the remainder reserved subframes should be scattered in SFN/DFN period (10240 ms).
Process of the indication of location of reserved subframes
[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Because the synchronization subframes can be allocated in every synchronization period in SFN/DFN period (10240 ms) [4], reusing the synchronization subframes allocation mechanism, the reserved subframes of condition 3) can be also allocated uniformly in synchronization periods in SFN/DFN period.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]The process of the indication of location of reserved subframes can be defined as the following steps:
Step 1: In case of PC5/Uu shared TDD carrier, with the system information for in coverage UEs or PSBCH for out of coverage UEs, all DL subframes and Special subframes can be indicated;
Step 2: Reusing Rel-12 D2D mechanism, the synchronization subframes can be indicated with SyncOffsetIndicator and DFN/DFN subframe;
Step 3: 
· Step 3-1: Allocate the V2V logical subframe index to the remaining subframes;
· [bookmark: OLE_LINK107][bookmark: OLE_LINK108]Step 3-2: In case of at least one bit is set to “0” in the bitmap, count the remainder reserved subframes in SFN/DFN period (10240 ms) which cannot be divisible by the bitmap length. And de-allocate the logical subframe index of such subframes.
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]Step 3-3: In case of at least one bit is set to “0” in the bitmap, allocate the remainder reserved subframes to the according synchronization period with the implicit way.
Proposal 2: The process of the indication of location of reserved subframes can be handled with the illustrated three steps.
Indication of the location of the remainder reserved subframes
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK121][bookmark: OLE_LINK105][bookmark: OLE_LINK106]The synchronization period have been determined as 160ms [1], and there are 64 (10240ms/160ms = 64) synchronization periods in SFN/DFN period (10240 ms). If the bitmap length is 16 or 20, the maximum remainder may be 15 or 19. There may be zero or one remainder reserved subframe in every synchronization period when bitmap length is 16 or 20. If the bitmap length is 100 (dedicated carrier example), the maximum remainder may be 99. There may be one or two remainder reserved subframes in every synchronization period when bitmap length is 100. 
When the number of the remainder reserved subframes is counted as zero in Step 3-2, the remainder reserved subframes are not allocated. Otherwise, the following process of indication of the location of the remainder reserved subframes should be considered.
[bookmark: OLE_LINK124][bookmark: OLE_LINK125]Because the number of remainder reserved subframe in different synchronization period may be different, for the implicitly way of Step 3-3, there are two steps to determine the location of the remainder reserved subframe:
· [bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131]Step 3-3-1: Arrange the remainder reserved subframes in different synchronization periods;
· [bookmark: OLE_LINK132][bookmark: OLE_LINK133]Step 3-3-2: Allocate the indicated subframes for the remainder reserved subframes in the given synchronization period;

The detailed analysis is presented as follows:
· Step3-3-1
[bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK115][bookmark: OLE_LINK116]There are two possible methods to arrange the remainder reserved subframes in different synchronization periods. 
· [bookmark: OLE_LINK117][bookmark: OLE_LINK118]Option 1: allocate with wraparound operation:
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK40][bookmark: OLE_LINK41]The remainder reserved subframes are allocated with wraparound operation in every synchronization period in the given SFN/DFN period. The first wraparound synchronization period for the allocation of the remainder reserved subframes starts from the first synchronization period in the given SFN/DFN period.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112]As shown in Figure 1, if the bitmap length is 100, the number of remainder reserved subframes is assumed to be 97. Because 97 modulo 64 is 33, the first 33 synchronization periods are allocated with two remainder reserved subframes and the other 31 synchronization periods are allocated with one remainder reserved subframe. 


[bookmark: _Ref466041919]Figure 1 Example of sequentially allocated for remainder reserved subframes (bitmap length = 100)
As shown in Figure 2, if the bitmap length is 16, the number of remainder reserved subframes is assumed to be 14. The first 14 synchronization periods are allocated with one remainder reserved subframes and the other 50 synchronization periods are allocated with zero remainder reserved subframe.


[bookmark: _Ref466041933]Figure 2 Example of sequentially allocated for remainder reserved subframes (bitmap length = 16)
· Option 2: uniformly allocate:
The remainder reserved subframes are uniformly allocated in SFN/DFN period. If the number of remainder reserved subframes is larger than the number of synchronization period, then the left remainder reserved subframes will be also allocated uniformly in SFN/DFN period.

Because the number of remainder reserved subframes is variable, the ideal uniformly allocation cannot always be realized and Option 2 is more sophisticated than Option 1. Therefore, Option 1 is preferred.
[bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK19][bookmark: OLE_LINK53][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Proposal 3: The remainder reserved subframes are allocated with wraparound operation in every synchronization period in the given SFN/DFN period. The first wraparound synchronization period for the allocation of the remainder reserved subframes starts from the first synchronization period in the given SFN/DFN period.

· Step 3-3-2 
If the bitmap length is 16 or 20, there may be zero remainder reserved subframe in the given synchronization period, and the Step 3-3-2 can be ignored. 
[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK42]Otherwise, the location of the remainder reserved subframes in the given synchronization period can be provided with two potential methods.
· Option 1: reserved offset indicator:
[bookmark: OLE_LINK136][bookmark: OLE_LINK137]Reusing Rel-12 D2D, add the additional parameters ReservedOffsetIndicator1 and ReservedOffsetIndicator2. 
If the bitmap length is 16 or 20, only ReservedOffsetIndicator1 is configured with valid value and ReservedOffsetIndicator2 is configured with invalid value. If the bitmap length is 100, both ReservedOffsetIndicator1 and ReservedOffsetIndicator2 can be configured with valid value. The ReservedOffsetIndicator1 and ReservedOffsetIndicator2 equal to the offset to the first subframe in the current synchronization period.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]The bitmap length is assumed as 100 ReservedOffsetIndicator1 and ReservedOffsetIndicator2 are 43 and 121. SyncOffsetIndicator1 and SyncOffsetIndicator2 are 26 and 98. The example of the configuration for the remainder reserved subframes in the given synchronization period is shown in Figure 3.


[bookmark: _Ref466043733]Figure 3 Example of the remainder reserved subframes in the synchronization period

· Option 2: fixed location:
[bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK140][bookmark: OLE_LINK141]Option 1 is flexible, but need to add additional parameters and additional configuration overhead. In Option 2, the fixed location can be (pre-) defined for the remainder reserved subframes in the given synchronization period. The fixed location may be the relative location to the DFN 0 and DFN subframe 0, and may be the relative location to the synchronization subframes. Considering the shared carrier scenarios for TDD, the downlink subframe configuration is variable, the fixed location of the remainder reserved subframes have to be different to adapt to the downlink subframe configuration. 

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Because Option 1 has the advantage of the flexibility and the acceptable configuration overhead as legacy system over Option 2, we slightly prefer to option 2.
[bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK20][bookmark: OLE_LINK54][bookmark: OLE_LINK142][bookmark: OLE_LINK143]Proposal 4: Reusing Rel-12 D2D, the additional parameters ReservedOffsetIndicator1 and ReservedOffsetIndicator2 are added to indicate the location of remainder reserved subframes in the given synchronization period in SFN/DFN period.

[bookmark: OLE_LINK146][bookmark: OLE_LINK147]The location of remainder reserved subframes has to be calculated with the modification of equation of synchronization subframes as the following equation:
[bookmark: _Ref465693281](10*DFN + DFN subframe number) mod 160 = ReservedOffsetIndicator		              Eq. 1
Note: ReservedOffsetIndicator can be ReservedOffsetIndicator1 or ReservedOffsetIndicator2.
[bookmark: OLE_LINK159][bookmark: OLE_LINK160]Proposal 5: the location of remainder reserved subframes in the given synchronization period are calculated as  Eq. 1.
Conclusion
In this contribution, we discuss the indication of the location of the reserved subframes with implicit way. The following observation and proposals:
Proposal 1: Considering of the latency requirements and the reserved subframes not used as the transmitting subframes, the reserved subframes of condition 3) the remainder reserved subframes should be scattered in SFN/DFN period (10240 ms)
Proposal 2: The process of the indication of location of reserved subframes can be handled with the illustrated three steps.
Proposal 3: The remainder reserved subframes are allocated with wraparound operation in every synchronization period in the given SFN/DFN period. The first wraparound synchronization period for the allocation of the remainder reserved subframes starts from the first synchronization period in the given SFN/DFN period.
Proposal 4: Reusing Rel-12 D2D, the additional parameters ReservedOffsetIndicator1 and ReservedOffsetIndicator2 are added to indicate the location of remainder reserved subframes in the given synchronization period in SFN/DFN period.
Proposal 5: the location of remainder reserved subframes in the given synchronization period are calculated as  Eq. 1.
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