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1. Introduction
In RAN1#73 meeting, the following was concluded regarding the new DM-RS pattern design and collision avoidance of PSS/SSS with DM-RS signals in the center 6RBs:

· 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. 
In this contribution, we present our views on this issue.



2. Discussion

In FDD system, the Rel-8 PSS and SSS signals are mapped onto the last and the second last OFDM symbols respectively, in the central 6 PRBs of the system bandwidth in the first slot of subframe 0 and 5.  In TDD system, the PSS are mapped onto the third symbol of the first slot in subframe 1 and 6, whereas SSS symbols are mapped into the last symbol of the second slot in subframe 0 and 5. As shown in Figure 1, the transmission of PSS/SSS symbols collide with the transmission of Rel-10 DMRS symbols using transmit antenna ports {7,..,14} for both FDD and TDD system. In this contribution, we compare the following options to resolve this collision:

Option 1: Using punctured DM-RS pattern in the center 6PRBs in case of collision
Option 2: Shifting of PSS/SSS positions
Option 2-1: Change the relative distance and/or ordering of PSS/SSS
Option 2-2: Shift PSS/SSS without changing the relative distance and/or ordering of PSS/SSS
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	(a) FDD Subframe 0, or 5
	(b) TDD SF 0 or SF 5
	(c) TDD SF 1 or SF 6

(only first 4 symbols are shown here)

	Figure 1: Collision of PSS/SSS with DM-RS signals


If “Option 1: Using punctured DM-RS pattern in the center 6PRBs in case of collision” is adopted, the same Rel-8 PSS/SSS design can be used in NCT. Therefore, it does not require two different types of cell searchers compared to Option 2-1 and 2-2 and will have the least amount of specification changes. The major concern of puncturing the DM-RS in the central 6PRBs, when PSS/SSS collides with DM-RS, is the potential performance degradation in channel estimation on these PRBs. Such degradation may be more severe in high mobility scenario where channel characteristics vary more rapidly in time due to higher Doppler spread. The collision of DM-RS with PSS/SSS only affects the central 6PRBs in 2 out of every 10 subframes which can be properly handled by eNB scheduler. In case of 10MHz, this only constitutes 2.4% of all available PRBs in a frame. In the worst case of 1.4MHz, this is 20% of all the PRBs. During scheduling, eNodeB can choose to only schedule low mobility UEs and/or low rate transmission on these subframes and therefore avoid the above mentioned problems. In practical PDSCH transmission, the performance degradation can be alleviated by means of link adaptation and HARQ operation. It is also noted that, in high speed cell like a highway, BCT can be deployed since the BCT can provide more benefit than the NCT due to higher CRS densities in time and frequency domain than the DM-RS. In our previous contribution [1], we provided link level simulation results comparing the throughput performance for PDSCH transmission in FDD using 6 PRBs and 50 PRBs for both puncturing and shifting options. Except for high mobility and 6PRBs scenarios, the performance difference between PSS/SSS shifting and DM-RS puncturing schemes are negligible. A concern using the different channel estimator for central 6 PRBs could be easily addressed by the implementation. For instance, the weight coefficient on punctured RS position for Wiener filtering could be set to 0 if the REs are punctured, while using same filtering structure for covariance matrix and cross-correlation vector of Wiener filter. Two viable DM-RS puncturing options for TDD are illustrated in Appendix.
If  “Option 2: Shifting of PSS/SSS positions” shifting is considered, for both option 2-1 and option 2-2, new collision possibilities with other RSs (e.g. Reduced CRS with 5ms periodicity, CSI-RS, DM-RS) due to shifting of PSS/SSS into new positions need to be considered. Since stand-alone NCT discussion is still ongoing, the potential impact of PSS/SSS transmission in PBCH region should also be considered. In comparison to Option 1, both Option 2-1 and 2-2 will require considerable changes in the specification.
If “Option 2-1: Change the relative distance and/or ordering of PSS/SSS” is adopted, then a Rel-12 UE will require two different types of cell searcher for BCT and NCT, which may increase UE implementation complexity. However, this option has the advantage of NCT indication to help out Rel-12 UEs as well as legacy UEs. As discussed in a previous contribution [2], the earlier detection of NCT can help in reducing legacy UE power consumption. In Rel-8 FDD system, the SSS signal is located in the symbol immediately preceding the PSS symbols, whereas for TDD system, the SSS signal is located in the preceding subframe and three symbols preceding the location of PSS signals. Such close proximity of PSS and SSS signals in time enables the coherent detection of SSS signaling relative to the PSS. If relative symbol distance between PSS and SSS is increased from Rel-8 design, coherent detection of SSS with respect to PSS may not be possible – which may result in performance degradation in initial and neighbor cell search.
If “Option 2-2: Shift PSS/SSS without changing the relative distance and/or ordering of PSS/SSS” is adopted, the same cell searcher for PSS/SSS as in Rel-8 can be reused. However, the simple shifting of PSS/SSS to different symbol locations may not provide the effective prohibition of a legacy UE to detect NCT. This is because the legacy UE may successfully detect PSS/SSS on NCT resulting from the same distance and the order between PSS and SSS. Therefore, unless PSS/SSS in NCT provides the different signature than BCT, PSS/SSS shifting cannot be justified only for the purpose of the collision avoidance with DM-RS considering the UE complexity for Rel-12. In addition, in case of TDD, no possible new positions are available to keep the same relative distance and ordering between PSS/SSS without creating new collision with other reference signals.
Based on the above discussion, we have the following observations:

Observations: 
· The performance degradation due to DM-RS puncturing compare PSS/SSS shifting in low to medium speed is negligible. However, channel estimation may be less accurate in high mobility and high SNR scenario for DM-RS puncturing.
· DM-RS puncturing will require the least changes in the specification.
· From UE implementation complexity perspective, DM-RS puncturing is more attractive compared to PSS/SSS shifting.
· PSS/SSS shifting to avoid the collision with DM-RS may cause another collision with reduced CRS, CSI-RS, and P-BCH.
· It may be also desirable not to increase the relative distance between PSS and SSS in terms of cell search performances with coherent detection. 
· Shifting of PSS/SSS while keeping same relative distance and ordering between them may not prohibit legacy UE to detect NCT at an earlier stage.
· In case of TDD, no other suitable position is available for shifting of PSS/SSS while keeping same relative distance and ordering without causing any additional collision.
· If the relative distance and/or ordering of PSS and SSS are changed, this could be used as NCT indicator. 
3. Conclusion

In this contribution, we consider the issue of DM-RS collision with PSS/SSS for new carrier type. The performance difference between Option 1 (DM-RS puncturing) and Option 2 (PSS/SSS shifting) is not significant. Therefore, PSS/SSS shifting is not justified by the performance reason only. Option 1 is more attractive compared to Option 2 in terms of standardization impact and UE implementation complexity. Option 2 should only be considered if additional improvement, such as NCT indication is introduced. It is not deemed necessary to introduce Option 2-2 (Shift PSS/SSS without changing the relative distance and/or ordering of PSS/SSS) only for the reason of the performance degradation. 
Proposal:
Consider DM-RS puncturing as the baseline option if NCT indication is not needed. If NCT indication is needed, we can consider changing the relative distance and/or ordering of PSS/SSS to the legacy ones.
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Appendix: Discussion on DM-RS Puncturing in case of TDD 
In case of DM-RS puncturing in TDD, we can consider the following two options: 
Puncturing R1: Puncturing DM-RS in time symbol 13 of subframe 0 and 5 due to collision with SSS, and puncturing DM-RS in time symbol 2 of subframe 1 and 6 due to collision with PSS 
Puncturing R12: Puncturing DM-RS in time symbol 12 and 13 both for subframe 0 and 5, and puncturing DM-RS in time symbol 2 and 3 both for subframe 1 and 6 
Puncturing R1 has the more density for DM-RS than Puncturing R12 and supports up to rank 4 transmission. If the transmission in the subframe is based on rank 1 or 3, DM-RS REs in symbol 3 can be used for channel estimation. However, if the transmission in the subframe is based on rank 2, DM-RS REs in symbol 3 cannot be used for channel estimation.

Puncturing R12 has the less density for DM-RS than Puncturing R1 and supports up to rank 4 transmission. In contrast to Purncturing R1, the symbol 3 cannot be used for all ranks with Case 2.

As for an example, Figure 2 shows the puncturing pattern with respect to Case 1 and Case 2 for subframe 1 using special subframe configuration 4.
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(a) Case 1
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(b) Case 2

	Figure 2: Two examples for DM-RS puncturing patterns in TDD
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