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1 Introduction

At the RAN1#69 meeting, the design of PSS/SSS for unsynchronized carriers was discussed and following alternatives were proposed to completely resolve collisions between PSS/SSS and DM-RS [1]:
Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS

· 1b: change relative locations of PSS/SSS

Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)

Alt 3: Do nothing about PSS/SSS DM-RS collisions in Rel-11

· 3a: Puncture DM-RS

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS
Considering the potential collision between DM-RS and CSI-RS if the DM-RS patterns were redesigned, Alt. 2 is then excluded [1]:
Agreement:

The existing DM-RS patterns will be used on the NCT. 
In this contribution, we will further analyze the Alt. 1 and Alt. 3 and then provide our suggestions.
2 Discussion
According to the agreements achieved at the RAN1#68bis meeting [2], one-port RS in one of every five subframes will be transmitted on the new carrier type (NCT) and will not be used for PDSCH demodulation. Therefore, only the DM-RS can be used for PDSCH demodulation on the NCT. For the legacy carrier, the DM-RS are not transmitted in the central 6 RBs when PSS/SSS are transmitted in these RBs. This is not a critical issue, since PDSCH can be demodulated based on CRS. However, on the new carriers without CRS, the PDSCH can only be demodulated based on DM-RS. Therefore, the collision between PSS/SSS and DM-RS needs to be resolved. As per the RAN1#69 chairman notes [1], the final solution will be either Alt. 1 or Alt. 3.

For Alt. 1, relocation of PSS/SSS for avoiding collision between PSS/SSS and DM-RS is considered. In previous releases, in order to facilitate early detection of frame structure type, the time locations of PSS/SSS for FDD and TDD are designed differently. Therefore, if the time locations of PSS/SSS on new carriers are changed, there will be one additional pair of PSS/SSS relative locations, one of which for FDD and the other for TDD. As a result, if new time locations of PSS/SSS are introduced on NCT, a Rel-12 UE has to handle four possible PSS/SSS relative locations, which therefore increases the implementation complexity of the UE. Furthermore, change in time locations of PSS/SSS may have the impact on the PSS/SSS performance, not to mention that significant specification efforts are required in defining the new PSS/SSS.
Observation 1: Alt. 1 brings undesirable increased complexity at UE and significant specification efforts.
Note that Alt. 1 has a benefit on preventing legacy UE from camping on or selecting the new carriers. During the cell search procedure, UE needs to detect PSS/SSS to obtain initial synchronization and some system information. As a result, it would be unable to select the new carriers with new time locations of PSS/SSS.
Based on the current agreement, the non-standalone new carriers are assumed to be always associated with a backward compatible carrier, hence PBCH is not required to be transmitted on these new carriers. Therefore, even if PSS/SSS are transmitted as in Rel-11, the legacy UE would not be able to access these new carriers. Thus, the cell is considered as barred and the legacy UE would not camp on or select the NCT. From this perspective, Alt. 3 is feasible in preventing legacy UE from acquiring the non-standalone new carriers.
Observation 2: Alt. 3 is feasible to prevent legacy UE from acquiring the non-standalone new carriers.
For Alt. 3, the locations of both PSS/SSS and DM-RS are the same as in Rel-10. Alt. 3b has an obvious disadvantage that the available resource is reduced. For instance, compared with Alt.3a, almost 20 percent resource is wasted in the 1.4 MHz system bandwidth. So in order to handle collisions between PSS/SSS and DM-RS, while still maintaining the spectrum efficiency, it is better to puncture the DM-RS as proposed in Alt. 3a. Fig. 1 and Fig. 2 show some examples of puncturing DM-RS in FDD when PSS/SSS collide with DM-RS.
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Fig. 1: DM-RS puncturing with normal CP (FDD).
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Fig. 2: DM-RS puncturing with extended CP (FDD).
As shown in Fig. 1 and Fig. 2, under Alt. 3, only one set of DM-RS can be used for PDSCH data demodulation when PSS/SSS collide with DM-RS. Puncturing DM-RS will reduce the achievable rank, for instance, from 8 to 4 in the colliding region and thus lead to performance degradation. Fortunately, DM-RS puncturing shall only be applied to the 6 RBs in the centre of the frequency domain in the subframes with PSS/SSS transmission, so that the associated impact on downlink performance is limited. Furthermore, DM-RS puncturing may mainly impact the downlink performance of UEs in high rank transmission or moving with high speed. And eNodeB can avoid scheduling those UEs on the central 6 RBs in PSS/SSS subframes to mitigate potential DL performance degradation. Finally, puncturing DM-RS may have the least impact on specification. Based on the above analysis, we prefer to adopt Alt. 3a as the solution.
Observation 3: Alt. 3a is feasible to solve collisions between PSS/SSS and DM-RS.
According to the above observations, we propose that:

Proposal 1: The locations of PSS/SSS should be kept unchanged on the new carriers.
Proposal 2: Alt. 3a (i.e. DM-RS should be punctured when colliding with PSS/SSS on the new carriers) is preferred.
3 Conclusion
In this contribution, we discussed the solutions for resolving the collisions between PSS/SSS and DM-RS on the new carriers. We had the following observations:

Observation 1: Alt. 1 brings undesirable increased complexity at UE and significant specification efforts.
Observation 2: Alt. 3 is feasible to prevent legacy UE from acquiring the non-standalone new carriers.
Observation 3: Alt. 3a is feasible to solve collisions between PSS/SSS and DM-RS.
According to the above observations, we kindly suggest that RAN1 agree on the following proposals:

Proposal 1: The locations of PSS/SSS should be kept unchanged on the new carriers.
Proposal 2: Alt. 3a (i.e. DM-RS should be punctured when colliding with PSS/SSS on the new carriers) is preferred.
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