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1. Introduction 
The DMRS collision with PSS/SSS is an old issue that has been discussed in RAN1 for a while. At RAN1 72bis meeting, the alternative that proposes to move DMRS to another symbols were extensively discussed.  For this alternative, avoid collision is just a side-effect as the main goal to move current Rel-10 DMRS pattern to another OFDM symbols is to improve the performance especially for high mobility UE in larger cell coverage such as macro-cell. However, from the simulation presented by a number of companies, it seems that such modified DMRS pattern only bring marginal gain limited to high SINR and  high mobility UE.  That makes it debatable to introduce such DMRS for new carrier type (NCT). After some extensive discussion at RAN1 72bismeeting, the following conclusions were drawn [1]. 
· Do not adopt a new DMRS pattern

· Discuss further between Alt 2a and 2b or consider whether there may be other possible solutions for the PRBs containing PSS/SSS until RAN1#73.

· Alt 2a: Do not adopt a new DMRS pattern and shift PSS/SSS

· Alt 2b: Do not adopt a new DMRS pattern and puncture DMRS (do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS))

In this contribution, we provide our views on options of handling of PSS/SSS collisions with DMRS for new carrier types, which was addressed in a previous contribution to RAN1 72 meeting (R1-130380)
2. Discussion 
In Rel-8, synchronization signals are located in subframes 0 and 5 for FDD and subframe 0/1 and 5/6 for TDD. The PSS is placed on the last OFDM symbol at the first slot of subframes 0 and 5 for FDD systems. For TDD systems, the PSS is placed on the third OFDM symbol at the first slot of subframes 1 and 6. Furthermore, the SSS is placed on the second last OFDM symbol at the first slot of subframes 0 and 5 for FDD systems.  For TDD systems, the SSS is located on the last OFDM symbol at the subframes 0 and 5.
. 
The collisions between PSS/SSS and DMRS were discussed in [2]. In Rel-10, the way to handle collisions between PSS/SSS and DMRS is that DMRS is not transmitted on the resource blocks that PSS/SSS are transmitted, which means that no TM9 which used such DMRS will be scheduled on those PRBs where PSS/SSS are transmitted. This certainly imposes some scheduling restrictions, however, considering that eNB could schedule PDSCH using other TMs on those PRB, the restriction may not be a big issue. To handle the collisions between DMRS and PSS/SSS for NCT in Rel-11, in RAN1 #69 meeting, several options were discussed, but no conclusion was reached. Based on the agreement from RAN1 #69 meeting [3] that the existing DMRS patterns will be used for NCT, to solve the issue of collisions between DMRS and PSS/SSS, it seems that mainly three alternatives could be considered. 
· Option 1:  (Alt 2a in RAN1 72bis agreement):  To move PSS/SSS transmission to other symbols

· Option 2: (Alt 2b in RAN1 72bis agreement): To keep the PSS/SSS at their current locations and to puncture DMRS when collisions occur

· Option 3 (Alt 3b in RAN1 69 agreement):  Not schedule PDSCH transmission on PRBs where PSS/SSS are transmitted. 
Table 1 shows some comparisons among these alternatives with Pros and Cons. It should be mentioned that the third alternative is the one used in Rel-10 for TM9. However, the situation changes in Rel-11 because as agreed in RAN1 69 meeting, TM1-8 will not be supported on NCT, which leaves only TM9-10 that will be supported. As both of these TMs require DMRS for their PDSCH decoding, not scheduling PDSCH in those PRBs will simply leave the resource in those PRBs unused, which could impact the system throughput.  
Table 1: Comparison of alternatives to handle collision between PSS/SSS and DMRS
	Options to solve PSS/SSS collision with DMRS
	Pros
	Cons

	1. PSS/SSS relocation
	Avoid collision without impact to both PDSCH decoding and sync. Maybe useful for new PSS/SSS design. 
	More standard efforts.  Increased UE complexity as Rel-12 UE needs to maintain two searching location for PSS/SSS, one for legacy carrier, and one for NCT

	2. DMRS puncturing
	No impact to the sync process. Minor standard effort.
	Will degrade PDSCH performance due to DMRS puncturing. Only support  4 DMRS ports.

	3. Not to schedule PDSCH in PRBs for  PSS/SSS
	No impact to sync and PDSCH performance. Little standard efforts
	Waste resources in those PRBs where PSS/SSS are transmitted which may impact system throughput. 


The pros and cons that summarized in Table 1 are mainly based on the considerations to avoid the collision between DMRS and PSS/SSS.  If other factors are taken into account, it may change the scope of discussion and may impact on the decision.  For example, if PSS/SSS transmissions are relocated from their current symbols, they could be used to solve some other issues such as
· Provide identities for new cells such as small cells
· Avoid the legacy UE to access such NCT, as legacy UE won’t recognize such new PSS/SSS transmission

· Provide improved performance in synchronization. For example, if PSS are SSS are transmitted on contiguous symbols, they could improve the coherent channel estimation in SSS decoding. 

Certainly move the PSS/SSS transmission to new locations from those as defined in Rel-8 would require more standard efforts and may depend on outcomes of some other designs for NCT, such as DMRS transmission, legacy PDCCH transmission etc, which are not finalized at this stage.  However, it would be beneficial to keep them in mind and consider them together if possible. 
On the other hand, even options 2 and 3 as mentioned above could lead to some performance degradation or loss of spectrum efficiency, considering that the collisions only occur in central 6 PRBs pairs on subframes #0 and #5, the performance impact or loss of spectrum efficiency could be small. Among these two options, due to puncturing of DMRS,  option 2 may lead to performance degradation if UE mobility is high, it also would only support 4 DMRS ports instead of 8 DMRS ports. However, these impacts could be eased through eNB scheduling. For example, the eNB could schedule UEs with low mobility or UE with up to 4 layers PDSCH transmission in those PRB pairs.  Therefore, its overall impact seems smaller than option 3, which simply does not schedule any PDSCH in those PRB pairs where PSS/SSS are transmitted. 
Based on above analysis, the following proposals could be considered.
Proposal:

· The decision on collision handling between PSS/SSS and DMRS could be based on standard efforts, impact to performance and UE complexity. 
· If relocating PSS/SSS transmission is considered as a viable solution, design flexibility  should be considered  for other enhancements like small cell
· If relocating PSS/SSS transmission is not considered at this stage due to extra standard efforts, puncturing DMRS where collision with PSS/SSS occur seems providing a preferable option. 
3. Conclusions

In this contribution, the Pros and Cons among different options to handle collision between PSS/SSS and DMRS are discussed based on the early agreements. At this stage, our views could be summarized as follows:
Proposal:

· The decision on collision handling between PSS/SSS and DMRS could be based on standard efforts, impact to performance and UE complexity. 
· If relocating PSS/SSS transmission is considered such as viable solution, design flexibility  should be considered  for other enhancements like small cell
· If relocating PSS/SSS transmission is not considered at this stage due to extra standard efforts, puncturing DMRS where collision with PSS/SSS occur seems providing a preferable option. 
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