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1 Introduction 

The new carrier type as part of the CA enhancement work item in Rel-11 was suspended, and later a new work item on the new carrier type [1] has been approved for Rel-12. The work item has two phases, the first phase specifying the new carrier type aggregated with a legacy carrier, and the second phase considering if there is a need to introduce further enhancements such as stand-alone new carrier type. It was also noted that the work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.
During the Rel-11 work item, for unsynchronized new carriers, the collision issue between PSS/SSS and DM-RS was identified and discussed. In RAN#69, the following three alternatives were discussed:
· 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: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS: 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS
The agreement was:
Agreement: 
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)

Study until RAN1#70 Alternatives 1 and 3

Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns. 
In this contribution, we discuss this issue further and provide our recommendation.
2 Discussion
Given that a new RS signal (reduced CRS) with a single port and 5 ms periodicity was agreed for the new carrier type, it has been agreed in RAN1#69 that TMs 1-8 (which heavily relies on CRS) are not supported on the new carrier type. Therefore, DM-RS is always needed for demodulation.
If we keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS location, as proposed in Alt 3, the conflict between DM-RS and PSS/SSS always exists as long as PDSCH transmission is scheduled in the same PRB pairs as PSS/SSS.
· Alt 3b forbids PDSCH transmissions in the PRB pairs with PSS/SSS. This means a complete waste of resources for those PRB pairs, which corresponds to 20%, 8%, 4.8%, 2.4%, and 1.2% of total DL resources for 1.4, 3, 5, 10, and 20 MHz bandwidth, respectively. This is not acceptable as a reasonable system design.
· Alt 3a on the other hand proposes to puncture DM-RS when the collision occurs, so PSS/SSS transmissions are not affected. Given that half of the DM-RS REs would be punctured and all the DM-RS REs left would only be on the last two OFDM symbols, it would significantly impact the channel estimation and PDSCH decoding performance. Moreover, this would still impact the UE implementation because the UE needs to take into account the punctured DM-RS REs when performing the filtering. Therefore, Alt 3a is considered as highly undesirable.
The following discussion will focus on Alt 1, aiming at finding solutions that permanently solve the collision issue. We consider FDD and TDD systems, with normal or extended CP. When investigating the possible new time location of PSS/SSS, the following should be considered:

· Ideally the collision between the new PSS/SSS and any of the RS signals (the new RS, DM-RS, CSI-RS) should be avoided, so that it does not affect the tracking, RRM measurement, demodulation or CSI measurement. Among different types of the RS signals, avoiding the collision between PSS/SSS and DM-RS is the most important. The new RS and CSI-RS are not (or not necessarily) transmitted in every subframe, so it is still possible to have PSS/SSS transmitted in different subframes as the new RS and CSI-RS if the RE collision in the same subframe cannot be avoided.

· It is highly preferable to avoid the collision between PSS/SSS and PBCH, which would mean that PSS/SSS should not use the first 4 symbols in the 2nd slot in the subframe. Failing to avoid the collision in the subframe means that PSS/SSS would need to be carried in a different subframe from PBCH, which deviates from the existing Rel-8/9/10 behavior.

· Keeping the same relative positions between PSS and SSS as in Rel-8/9/10, would avoid any need for a UE implementation change for the initial acquisition, and maintain the performance of coherent detection. On the other hand, a change in the relative positions of PSS and SSS would enable legacy UEs to reject new carriers at an early stage in the cell acquisition process, and thus avoid reducing the performance of acquisition of legacy carriers. 
Regarding the legacy DL control region (occupying up to 3 or 4 OFDM symbols), it is highly unlikely to have the legacy DL control channels (PCFICH/PDCCH/PHICH) present on the new carrier, because CRS is no longer available. In this sense, it is no longer necessary to consider the conflict between PSS/SSS and the legacy DL control region.

FDD with normal and extended CP
For FDD with normal CP, the REs that are potentially used by CRS, DM-RS and CSI-RS are shown in Figure 1. PSS and SSS in Rel-8/9/10 are located on the 7th and 6th OFDM symbol, respectively, in subframe 0 and 5. They can potentially collide with DM-RS and CSI-RS. To avoid collision with any of the RS signals, PSS/SSS can be moved and placed on any two of the 2nd, 3rd, and 4th OFDM symbols. By using two adjacent symbols, the existing UE implementation for acquisition can be readily reused and the coherent detection performance can be maintained.

[image: image1]
Figure 1 RS pattern for FDD with normal CP
The RS pattern for FDD with extended CP is shown in Figure 2. PSS and SSS in Rel-8/9/10 are located on the 6th and 5th OFDM symbol, respectively, in subframe 0 and 5, which can potentially collide with DM-RS and CSI-RS. Since we prefer to have two consecutive symbols for SSS and PSS, the 2nd and 3rd symbol can used to completely avoid the collision with any of the RS signals or PBCH.

[image: image2]
Figure 2 RS pattern for FDD with extended CP

To have a common pattern for the cases with normal CP and extended CP, we propose that the 2nd and 3rd OFDM symbols in subframes 0 and 5 are used.
If it is considered desirable to facilitate a legacy UE to avoid wasting time and power acquiring a new carrier, the relative locations of PSS and SSS can be swapped with respect to each other. Since the Rel-12 UEs will anyway have to operate differently in terms of locating the PBCH relative to the PSS/SSS location, it seems a small additional complexity to swap the relative PSS/SSS locations, and doing so would avoid degrading the legacy cell acquisition performance by the deployment of new carriers. Therefore we also propose:

· Proposal 1: For unsynchronized new carriers, PSS and SSS are transmitted on the 2nd and 3rd OFDM symbols respectively in subframes 0 and 5, for FDD with normal or extended CP.
TDD with normal and extended CP
The RS patterns for TDD with normal and extended CP are shown in Figure 3 and Figure 4, respectively. In Rel-8/9/10, SSS is transmitted in the last OFDM symbol in subframe 0 or 5, and PSS is transmitted in the 3rd OFDM symbol in subframe 1 or 6. Depending on the TDD configurations, subframe 1 or 6 can be a special subframe, with a minimum of 3 OFDM symbols in DwPTS. Therefore, PSS/SSS should not use any OFDM symbol after the 3rd one in subframe 1 or 6 in order to accommodate all the TDD configurations.
For TDD with normal CP, in order to completely avoid the conflict, PSS/SSS can be transmitted using any two of the 2nd, 3rd, and 4th OFDM symbol in subframe 0 and 5. It is not desirable to use the 2nd symbol in subframe 1/6 because it is at least 11 symbols away from the previous available symbol, which makes coherent detection for SSS practically impossible.
For TDD with extended CP, there are a few options:

· Option 1: Use the 2nd and 3rd OFDM symbol in subframe 0 and 5.
· Option 2: Use the 2nd and 3rd OFDM symbol in subframe 1 and 6.

· Option 3: Use the 9th OFDM symbol in subframe 0/5 and the 2nd OFDM symbol in subframe 1/6. However, this results in 5-symbol distance between PSS and SSS, which is undesirable for coherent detection of SSS.

If a common design for normal and extended CP is preferred, option 1 would be the natural choice. Although the distance between PSS/SSS in this case is different from the Rel-8/9/10 TDD system, it is the same as for FDD, thus allowing the UE to reuse the FDD design. The drawback would be that it becomes a common design between FDD and TDD, and there is no way for the UE to differentiate between FDD and TDD systems by detecting PSS/SSS alone. However, comparing this with other options, which either has some collision with RS signals or affects the performance of coherent detection, we think this is a good compromise.
· Proposal 2: For unsynchronized new carriers, PSS and SSS are transmitted on the 2nd and 3rd OFDM symbols respectively in subframes 0 and 5, for TDD with normal or extended CP.

[image: image3]
Figure 3 RS pattern for TDD with normal CP

[image: image4]
Figure 4 RS pattern for TDD with extended CP

The next step in the cell acquisition process is to acquire the MIB. 

Since there are already some reserved bits in the MIB, it would be straightforward to use one bit in the MIB on new carriers to distinguish between FS1 and FS2. The only drawback of delaying the distinction between FS1 and FS2 would be that UEs that only support one of the frame structures could have a longer acquisition time. There would be no impact on UEs that support both frame structures. Therefore this does not seem a significant drawback.

· Proposal 3: One bit in the MIB is used to distinguish between FS1 and FS2 for the new carrier.
3 Conclusions
In this contribution, regarding PSS/SSS for unsynchronized new carriers, we propose the following: 
· Proposal 1: For unsynchronized new carriers, PSS and SSS are transmitted on the 2nd and 3rd OFDM symbols respectively in subframes 0 and 5, for FDD with normal or extended CP.
· Proposal 2: For unsynchronized new carriers, PSS and SSS are transmitted on the 2nd and 3rd OFDM symbols respectively in subframes 0 and 5, for TDD with normal or extended CP.
· Proposal 3: One bit in the MIB is used to distinguish between FS1 and FS2 for the new carrier.
4 References

[1] RP-122028, “Updated WI proposal: New Carrier Type for LTE”, Ericsson, RAN#58, Dec. 2012.
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