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Discussion
1
Introduction

In September 2012 RANP#57, the R12 NCT work item was agreed [1]. When the New Carrier Type is aggregated with an adjacent legacy carrier, synchronization might be provided by the legacy carrier. At least in the case of aggregating non-adjacent carriers and in case of standalone operation the New Carrier Type needs to provide a proper synchronization signal for discovery and time/frequency tracking. Starting point for the R12 NCT WI are agreements and working assumptions reached so far in RAN1 during the R11 CA Enhancements WI.

It has been agreed that NCT does not carry R8 CRS and will only provide a single antenna port CRS antenna port 0 signal re-using the R8 sequence in every 5th subframe. NCT will only provide DM-RS for demodulation purposes. Therefore, transmission modes 1-8 are not supported on NCT, and only the R10 TM9 and the new R11 TM10 are supported on NCT. EPDCCH can be transmitted on NCT. However, the R10 carrier aggregation principle is preserved that a PDSCH for a given UE can only be scheduled from one given cell. Therefore, EPDCCH cannot be used on the SCell to schedule PDSCH on that SCell when cross-carrier scheduling is configured. DCI F1A and 2C are supported for PDSCH transmissions on NCT, both on EPDCCH on the NCT and by cross carrier scheduling from the associated legacy PCell. Furthermore DCI F0 and 4 including any R11 change can be carried on EPDCCH on the NCT. Which other DCI formats might be able to be carried on EPDCCH on NCT for cross carrier scheduling of PDSCH on other legacy carriers is left FFS. R8 PSS/SSS sequences are transmitted on NCT. However, the need for and the details to resolve PSS/SSS and DM-RS collisions were left for further investigation.
In May 2012 RAN1#69, a WF was presented with the proposal to avoid PSS/SSS and DM-RS collisions by moving the PSS/SSS in subframes #0 and #5 to OFDM symbols #1 and #2 for the FDD case [2]. Following these discussions, the two alternatives listed below were identified. It was also agreed that the existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a).

Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS


Alt 1a: Keeping R8 relative locations of PSS/SSS


Alt 1b: Change relative locations of PSS/SSS   

Alt 3: Keep R10 DM-RS pattern and R8 PSS/SS locations
Alt 3a: Puncture DM-RS

Alt 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS 

In this contribution, we provide our recommendation for NCT operation and the PSS/SSS and DM-RS collision issue.
2
Discussion
On legacy LTE carriers, the DM-RS are not transmitted in subframes #0 and subframe #5 (FDD case) in the center bandwidth 6 RBs. Here, PSS/SSS overlap with the DM-RS.

If the same approach is used for NCT, then PDSCH cannot be scheduled on NCT. While it may be argued that there is no big penalty for FDD NCT carriers of 10 MHz bandwidth or larger, this limitation becomes much more prohibitive for the TDD case. It should also not be forgotten that introduction of R11 EPDCCH will somewhat reduce the number of RB’s per subframe that are effectively available to PDSCH scheduling.
It is therefore very desirable to adopt some solution for NCT that makes the center 6 RB bandwidth in subframes carrying PSS/SSS accessible to PDSCH and EPDCCH scheduling. The solution should be agnostic with respect to FDD and TDD similar to the design principle from previous LTE releases.

In principle, two solutions to the collision problem between PSS/SSS and DM-RS are possible, move the PSS/SSS, or change the DM-RS positions.

Without introducing any new DM-RS patterns, it may be considered to apply the existing R8-R10 DM-RS patterns such as used for the TDD DM-RS configurations in some special subframe configurations. While channel estimation performance for these has been evaluated and is known, many will result in collisions with CSI-RS positions of normal (FDD or TDD) subframes in the 2nd timeslot. Clearly, the configuration and use of the CSI-RS should not be changed compared to R10/R11, in particular for the case of FDD subframes. Those TDD special subframe DM-RS patterns without CSI-RS conflict would collide with the existing PSS/SSS positions. It should also not be forgotten that SS DM-RS positions were optimized under the assumption of limited availability of DL OFDM symbols in the DwPTS portion of special subframes. When applied to normal subframes, there is a penalty in achievable channel estimation performance when compared to DM-RS patterns employed for normal subframes.
It seems therefore that using existing TDD special subframe DM-RS patterns for normal subframes in either FDD or TDD is not such a good idea, because it would create more problems than it actually solves. Moving the PSS/SSS results in less implementation impact and doesn’t affect the PDSCH demodulation performance on NCT.
Proposal 1
For NCT, avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS (Alt 1).
When moving PSS/SSS on the NCT to new time positions, OFDM symbols that carry either R10 DM-RS, the new R11 NCT single antenna port CRS or R10 CSI-RS should not be used.

The choice of the relative time offset between PSS and SSS affects cell search performance twofold. Based on the R8 evaluations, coherent detection performance can be expected to be impacted once PSS and SSS are separated by more than 2-3 OFDM symbols. On the other hand, a larger separation in time domain than the R8 approach to use 2 consecutive OFDM symbols for PSS/SSS in FDD can actually result in improved frequency acquisition performance for some UE implementations. Keeping the same relative locations of R8 PSS/SSS for NCT also has the benefit to allow for implementation reuse.
For deployment reasons, we think that it is more important to ensure that PSS/SSS acquisition performance on NCT is unchanged when compared to a R8 carrier. The penalty from losing the benefit of coherent detection is more severe than the potential for improved frequency acquisition for which other DL signals can also be used. It is a side benefit that existing UE implementations require fewer changes when the R8 timing relationship between PSS/SSS is re-used for NCT cell search.

Proposal 2
For NCT, keep R8 relative locations of PSS/SSS (Alt 1a).
Taken the above considerations into account, it appears straightforward to use OFDM time domain symbols #1 and #2 for SSS and PSS respectively in FDD DL normal and extended CP subframes #0 and #5.

In TDD for both normal and extended CP, SSS and PSS are placed onto OFDM symbols #0 and #1 respectively into the DwPTS portion of DL special subframes #1 and #6. Note that DL subframe #6 would be a normal DL subframe for frame configurations 3, 4 and 5. Here, the time domain separation between PSS/SSS would be reduced to 1 symbol similar to the FDD case.
3.
Conclusions and Recommendations

In this contribution, we discussed NCT operation and provided our recommendation how to resolve the PSS/SSS and DM-RS collision issue.

We propose to resolve collisions between PSS/SSS and DM-RS on NCT by moving the PSS/SSS (Alt 1). We recommend preserving the existing R8 FDD principle where PSS and SSS use consecutive OFDM symbols.

FDD NCT for normal and extended CP:

SSS and PSS are carried on OFDM time domain symbols #1 and #2 respectively in FDD DL subframes #0 and #5.

TDD NCT for normal and extended CP:

SSS and PSS are placed onto OFDM time domain symbols #0 and #1 respectively into the DwPTS portion of DL special subframes #1 and #6. Note that DL subframe #6 would be a normal DL subframe for frame configurations 3, 4 and 5.
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