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1 Introduction
In order to achieve the accuracy requirement, it was agreed to support the time accumulation of consecutive positioning subframes in RAN1 #57 meeting. The accumulation levels could be 1, 2, 4 and 6 [1]. Therefore, positioning subframes may

· Collide with subframes containing SCH/BCH.

· Collide with special subframes and uplink subframes in TDD.

· Collide with persistently scheduled downlink transmission.
And it may be impossible for eNB to avoid the above collisions completely through downlink configuration/scheduling especially with accumulation over a large number of subframes. This contribution initiates the discussion on subframe collision in the presence of time accumulation and provides corresponding solutions.
2 Discussion
2.1 Collision with subframes containing SCH/BCH

It is noted that SCH is located in the center 6 RBs of suframes 0 and 5, and BCH is located in the center 6 RBs of subframe 0. Thus eNB cannot assign more than 5 consecutive positioning subframes without colliding with subframes containing SCH/BCH. As we know, both SCH and BCH contain important system information. Time and frequency synchronization, cell ID detection are achieved through SCH, and downlink bandwidth, PHICH configuration, system frame number are transmitted on BCH. Therefore, the detection performance of SCH/BCH should not be affected in case of subframe collision. 
When positioning subframes collide with subframes containing SCH/BCH, the following options are available:
Option 1: Do not transmit positioning reference signals (PRSs) in the center 6 RBs of the SCH/BCH symbols as shown in Fig.1.
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Fig.1 Subframe collision solution (option 1)
In option 1, the PRSs in the center 6 RBs of the SCH/BCH symbols are punctured, and the PRS loss is at most 6.7% for normal CP and 6.9% for extended CP in a 10 MHz system bandwidth. Another similar option is to puncture the OFDM symbols that have BCH/SCH just like the case for CRS, which might lead to slightly higher PRS performance loss. 
Option 2: Delay positioning subframe to the next available subframe (not include SCH/BCH), as shown in Fig.3.
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Fig.3 Subframe collision solution (option 2)
In Figure 3, subframes 2-5 are assigned by eNB to be consecutive positioning subframes. As subframe 5 contains SCH, the PRSs in subframe 5 are delayed to be transmitted in subframe 6. Obviously, there is no loss of PRS performance in option 3, but it restricts downlink scheduling (e.g., subframe 6 cannot be used for PDSCH transmission) and causes positioning delay. On the other hand, the advantages of option 3 appear significantly in small system bandwidth.
Option 3: Drop positioning subframe.
There is no restriction to downlink scheduling, but the degradation of positioning performance could be significant.
2.2 Collision with special subframes and uplink subframes in TDD
In TDD, uplink subframes obviously cannot be used as positioning subframes. Though some configurations of the special subframes may still be used for positioning, other special subframe configurations with so few OFDM symbols for PDSCH should not be used for positioning. For example, in uplink-downlink configuration 0, subframes 1, 6 are special subframes, and subframes 2, 3, 4, 7, 8, 9 are uplink subframes. For certain special subframe configurations, only subframes 0 and 5 can be used for positioning and both of them contains BCH/SCH. In this case, the solution will be either not allowing PRS for such configuration, or to puncturing the PRS in those subframes. 
Proposal: Considering a large percent of subframes are not available for positioning in TDD, it is preferred to puncture the PRS in case of subframe collision.
2.3 Collision with persistently scheduled downlink transmission
For persistently scheduled PDSCH, resource indication is configured through RRC signalling, and the subframe period is fixed in a long time. In case of VoIP services, the PDSCH resource is scheduled every 20 ms. However, positioning subframes transmit less frequently to reduce the overhead, and the period is usually 160 ms, 320 ms, 640 ms, 1280 ms [1]. When positioning subframes collide with persistently scheduled downlink transmission, it is reasonable to drop PDSCH transmission to guarantee that the positioning services are supported in hundreds of milliseconds. In addition, persistently scheduled PDSCH has HARQ processes and PDSCH retransmission starts if initial transmission is not received successfully. Therefore, the QoS of PDSCH transmission will not be reduced significantly when PDSCH transmission is dropped in the collided subframes.
Proposal: Drop PDSCH transmission when positioning subframes collide with persistently scheduled downlink transmission.
3  Conclusion
In this contribution, we discuss subframe collision caused by time accumulation of consecutive positioning subframes. It is proposed that,
The accumulation happens over N subframes valid for positioning and puncturing PRS of the center 6 RBs for subframes with SCH/BCH. 

· For FDD, N consecutive subframes are used for PRS accumulation.

· For TDD, Whether special subframes can be used for positioning is FFS. If special subframes can be used for positioning, then N consecutive DL/special subframes are used for PRS accumulation. Otherwise, N consecutive DL subframes are used for PRS accumulation
· Persistently scheduled PDSCH transmissions are dropped.

· When collide with subframes with SCH/BCH, the PRS in those symbols are punctured. Whether the puncturing of PRS is for the center 6 RBs only or for the whole symbols are FFS.
References
[1] R1-092213, “WF on RAN1 concept for OTDOA,” Ericsson, Alcatel-Lucent, Nokia, Nokia Siemens Networks, Qualcomm Europe, LGE, Samsung, Huawei, Motorola, Pantech & Curitel.



















































_1306154336.vsd
Normal CP


PCFICH/PHICH/PDCCH
(including CRS)


CRS


PRS


P-SCH


S-SCH


BCH
(including CRS)


Center 6
RBs


1 OFDM symbol


Extended CP



_1306158501.vsd
2


3


4


5


6


PRS


PRS


PRS


PRS


SCH


Subframe Number



