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1 Introduction
In RAN1#69 [1], it was agreed that the Rel-10 DM-RS patterns will be reused on the new carrier types. In RAN1#72bis [2], new DM-RS pattern was precluded on the new carrier types for improving the demodulation performance and avoiding the collision between DM-RS and PSS/SSS. In RAN1#73 [3], the following conclusions were made for the DM-RS and PSS/SSS design on the new carrier types:
· In case shifting PSS/SSS were to be adopted, study further whether the same or different relative positions would be used as in Rel-8 

· Study further the degradation due to possible puncturing of DM-RS. 

Till now, there is still no agreement on the design of DM-RS and PSS/SSS transmission on the new carrier types. In this contribution, we provide our views on the handling of collision between PSS/SSS and DM-RS for the new carrier types in Rel-12.
2 Discussions
As it was discussed in Rel-11, one issue for the design of new carrier type is to resolve the collision between PSS/SSS and DM-RS, in order to increase the utilization of frequency resources on the new carrier type by allowing DM-RS based downlink transmission in the PRBs with PSS/SSS transmission. Generally speaking, the following alternatives were proposed to be further studied for the handling of collision between PSS/SSS and DM-RS on the new carrier types.

· Alt 1: Move the PSS/SSS to new time locations to avoid colliding with DM-RS, while the relative locations of PSS and SSS follow one of the two following ways
· 1a：Keep the Rel-8 relative locations of PSS and SSS unchanged
· 1b：Change the relative locations of PSS and SSS as well
· Alt 2: Keep the Rel-10 DM-RS patterns and Rel-8 PSS/SSS locations unchanged, and puncture DM-RS when colliding with PSS/SSS
Comparison of specification and implementation complexity

For Alt 1, new time locations of PSS/SSS different from Rel-8 shall be introduced in the specification for the new carrier type no matter the Rel-8 relative locations of PSS and SSS are kept or changed. In addition, in case that the new carrier type works as a stand-alone carrier, the performance of synchronization may be degraded with Alt 1b since additional hypotheses of PSS/SSS locations beyond the one defined in Rel-8 need to be detected. Although the number of hypotheses of PSS/SSS locations may not be increased with Alt 1a, there are no available symbols for a new time location of PSS/SSS with the Rel-8 relative locations for TDD, assuming PSS/SSS shall not be transmitted in the same OFDM symbols as port 0 CRS, CSI-RS and DM-RS, unless some configuration restrictions are introduced. For example, when CRS port 0 cannot be transmitted in the special subframe and special subframe configurations with DwPTS of 3 OFDM symbols are not supported for the new carrier type, the second and the fifth symbols in DwPTS can be used for PSS/SSS transmissions without overlapping with DM-RS or CSI-RS. However, such restrictions for the new carrier type are not preferred. 
For Alt 2, new PSS/SSS time locations are not required to resolve the collision between PSS/SSS and DM-RS, which simplifies the specification for the new carrier type compared with Alt 1. In addition, in case that the new carrier type works as a stand-alone carrier, the performance of synchronization can be maintained as in Rel-8 by not increasing the number of hypotheses of PSS/SSS detection compared with Alt 1b. 
New carrier type identification
With Alt 1b, one potential benefit is that it is possible for a UE to identify whether it is a new carrier type that the UE is trying to access. For Rel-12 UEs supporting the new carrier type, the different spacing between PSS and SSS than Rel-8 can indicate whether it is a new carrier type. On the other hand, it is possible that the new carrier type identity can be included in other signal or channel, e.g. the PBCH or SIB transmitted on the new carrier type. Hence, it is not necessary to change the relative location of PSS and SSS for the new carrier type identification, for UEs supporting new carrier type. For legacy UEs, Alt 1b may lead to reduced UE power consumption compared with Alt 2, since legacy UEs would not be able to detect the PSS/SSS with the new relative location and hence will not proceed to PBCH decoding. On the other hand, with Alt 2, legacy UEs may detect the PSS/SSS on the new carrier type, and then proceed to PBCH decoding. However, the PBCH decoding on the new carrier type is likely to be different from the PBCH on legacy carriers. Hence the legacy UE would not be able to decode the PBCH on the new carrier type, and consequently will move to another carrier frequency to perform initial access. The potential power consumption saving for legacy UEs with Alt 1b is only that required to decode PBCH during initial access, which is not significant. 
Considering all aspects analyzed above, Alt 2 shall be a natural choice to resolve the collision between PSS/SSS and DMRS, as shown in Figure 1 and Figure 2.
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(a) DM-RS puncturing in subframe 1/6 with PSS         (b) DM-RS puncturing in subframe 0/5 with SSS
Figure 1: DM-RS puncturing for TDD
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Figure 2: DM-RS puncturing for FDD

The downlink performance with punctured DM-RS has been provided in many contributions [4] – [7]. Generally, it is observed that for a low speed UE (e.g. 3km/h), the downlink spectrum efficiency difference between Rel-10 DM-RS and punctured DM-RS is negligible for both FDD and TDD. For high speed UEs, there are downlink spectrum efficiency degradations with DM-RS puncturing for both FDD and TDD. However, the DM-RS puncturing shall be only applied in the middle 6 PRBs on the new carrier type and in the subframes with PSS/SSS transmission. Thus, for a high speed UE scheduled with large PDSCH transmission bandwidth and/or scheduled also in multiple subframes not containing PSS/SSS, the overall impact on downlink performance due to punctured DM-RS in PSS/SSS subframes is expected to be much less severe. In addition, considering that DM-RS puncturing impacts primarily the downlink performance of high speed UEs, eNB can avoid scheduling such high speed UEs’ downlink transmissions on those PRBs with punctured DM-RS. It should be noted that punctured DM-RS is already supported for PDSCH transmission in DwPTS of the new special subframe configuration introduced in Rel-11.
Thus, we prefer to adopt Alt 2 for the handling of the collision between PSS/SSS and DM-RS on the new carrier type, and the following proposals are suggested:

Proposal 1: New time locations of PSS/SSS shall not be introduced for the new carrier type in Rel-12.
Proposal 2: DM-RS shall be punctured when colliding with PSS/SSS on the new carrier type in Rel-12. 
3 Conclusions
In this contribution, we discuss the handling of collision between PSS/SSS and DM-RS on the new carrier type with the following proposals:
Proposal 1: New time locations of PSS/SSS shall not be introduced for the new carrier type in Rel-12.
Proposal 2: DM-RS shall be punctured when colliding with PSS/SSS on the new carrier type in Rel-12. 
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