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1 Introduction
In RAN1# 68bis meeting, the location of PSS/SSS for NCT was discussed, and the following conclusion has been reached.

· Currently no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. 

· Consider until RAN1#69 at least solutions to completely resolve collisions between PSS/SSS and DM-RS

· For solutions based on modifying the PSS/SSS, consider only solutions which only change the time location of the PSS/SSS (do not consider further changing the frequency location)

· Take into account the PSS/SSS performance

Based on conclusions of the previous meeting, this contribution presents a few approaches to address the conflict between PSS/SSS and DM-RS. This contribution reviews three high-level approaches: (1) change PSS/SSS location, (2) change DM-RS location and (3) puncture DM-RS REs when collision occurs. 

2 Move PSS/SSS Time-Location
First mechanism is to consider a new location for PSS/SSS in both FDD and TDD as the current location conflicts with DM-RS REs. Due to the lack of strong motivation to support transmission mode 7 [1] in NCT, our contribution considers DM-RS REs assigned to antenna port 7 to 14 only (i.e., DM-RS pattern for antenna port 5 excluded).  In terms of candidate locations of PSS/SSS, firstly, the OFDM symbols which contain DM-RS REs shall be excluded (i.e., OFDM symbol 5, 6 in each slot with normal CP). In addition, a new location of PSS/SSS may consider potential collisions with 
· Tracking RS (TRS): if PSS/SSS and TRS are transmitted at the same subframe, PSS/SSS location shall not be overlapped with TRS. Transmitting PSS/SSS and TRS at the same subframe would offer benefits in supporting inter-frequency measurement and blind neighbour cell search. Thus, for identifying a new location for PSS/SSS, this shall be assumed. ( OFDM symbol 0, 4 (normal CP) or 0, 3 (extended CP) in each slot shall be avoided
· PDCCH: considering ICIC with legacy carrier, it is desirable to avoid the conflict with PDCCH region (OFDM symbol index 0 – 2) to minimize the interference on legacy carrier PDCCH region. ( OFDM symbol 0, 1, 2 in first slot shall be avoided

· CRS: considering ICIC with legacy carrier, it is worthwhile to consider avoiding the conflict with CRS REs (for port 0 – 3). ( OFDM symbol 0, 1, 4 (normal CP) or 0, 1, 3 (extended CP) in each slot may be avoided

· CSI-RS: as NCT feedback will be heavily dependent on CSI-RS, it would be considerable to avoid the conflict with any CSI-RS RE if feasible. ( OFDM symbol 5, 6 (normal CP) or 4, 5 (extended CP) in first slot and OFDM symbol 2, 3, 5, 6 (normal CP) or 4, 5 (extended CP) in second slot.
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Figure 1. Example of RS REs in One Subframe
As shown in Figure 1, the candidate locations for PSS/SSS in normal CP case to avoid all four cases are only OFDM symbol 3 in the first slot and no available spot is identified for extended CP. Thus, all four conditions cannot be satisfied simultaneously. As all the conditions may not occur at the same time, one possible option is to semi-statically configure the location of PSS/SSS depending on neighbour legacy carrier and CSI-RS configuration. The main drawback of configurable PSS/SSS location is that blind neighbour cell search on a NCT may be inefficient as a UE needs to perform blind detection on multiple candidate locations. 
Another option is to fix the location of PSS/SSS. To find more candidate locations, we may exclude the constraints on the collision with CSI-RS and CRS (port 2/3) for the following reasons. CSI-RS RE is configurable and thus configurations not conflicting with PSS/SSS can be selected. In terms of CRS, neighbour legacy carrier may not use CRS RE for antenna port 2 and 3. By this relaxation, candidate locations of PSS/SSS become as illustrated in Figure 1
· OFDM symbol 3 in first slot and 1, 2, 3 in second slot in normal CP 
· OFDM symbol 1, 2 in second slot in extended CP

Details of final location are FFS based on understanding of performance and impact on legacy UE. One candidate location would be to use symbol 1/2 of second slot for extended CP and 1/2 of second slot for normal CP. 
Adopting this option does not require any change in data demodulation using DM-RS regardless of presence of PSS/SSS. However, with new locations of PSS/SSS, the acquisition complexity of Rel’11 UE is increased due to higher number of blind detection trials to cover different locations of PSS/SSS in legacy carrier and NCT carrier (assuming NCT and legacy carrier may coexist in one frequency band). Moreover, this option may confuse the behaviour of a legacy UE which is able to detect PSS/SSS of NCT as discussed in RAN1#68b. It may not cause any issue if network is aware of, yet, further investigation on the impact on legacy UE may be necessary.
3 Shift DM-RS Time-Location

Another approach is to change the location of DM-RS. To minimize the impact on data demodulation performance, this contribution focuses on patterns achieved by shifting a few OFDM symbols of DM-RS REs. This new pattern can be applied on either entire subframe or only center 6RB of the subframe, when PSS and/or SSS are transmitted.
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Figure 2. A New DM-RS Pattern for Normal Subframe (only port port 7 is shown)
(1) DM-RS Pattern in Normal Subframe (Normal CP)
To avoid the conflict with PSS/SSS, in FDD case, DM-RS shall not be placed in OFDM symbol 5, 6 of the first slot. In TDD case, DM-RS shall not be placed in OFDM symbol 6 of the second slot of the normal subframe and OFDM symbol 2 of the DwPTS.  As DM-RS pattern for special subframe exists whose performance is already verified, the DM-RS pattern defined for special subframe in Rel-10 can be used to address the collision between PSS/SSS and DM-RS.  As illustrated in Figure 2, Rel-10 DM-RS pattern for special subframe configuration 3, 4 or 8 can be used when PSS/SSS and DM-RS conflict.
[image: image3.emf]
Figure 3. DM-RS Pattern for Special Subframe Configurations (only port 7 is shown)
(2) DM-RS Pattern in Special Subframe (Normal CP)

In TDD case, PSS is placed in OFDM symbol 2 in special subframe which collides with Rel-10 DM-RS REs defined in special subframe configurations. To avoid the conflict, two options would be considerable as shown in Figure 3.

· Option 1: shift DM-RS pattern one OFDM symbol to the right (only the first set of DM-RS REs) (Figure 3 (a) )

· Option 2: shift the first set of DM-RS REs two OFDM symbols of to the left (Figure 3 (b))

As both options lead potential collisions with TRS, which may not be an issue if TRS is not transmitted in special subframe. If TRS is present in special subframe, a proper mechanism to avoid conflict may be required. 

(3) DM-RS Pattern in Normal Subframe (Extended CP)

To avoid the collision with PSS/SSS, symbol shifted DM-RS pattern can be considered. As it would be better to avoid the collision with TRS, feasible location of DM-RS would be OFDM symbol 1, 2, of each slot (3 OFDM symbol shift to the left).
(4) DM-RS Pattern in Special Subframe (Extended CP)

The current pattern does not collide with PSS/SSS, thus no new DM-RS pattern for special subframe in extended CP is needed.

Changing DM-RS pattern would be beneficial as it minimizes the impact on acquisition and synchronization performance. Yet, further investigation on understanding of performance implication of new DM-RS pattern is necessary.

4 Limited DM-RS
Another option is keep the location of both PSS/SSS and DM-RS as is and handle the conflict by limiting the use of DM-RS REs only to non-colliding REs. This will lower the achievable rank as full DM-RS REs are not utilized at colliding region. Figure 4 shows an example of DM-RS REs in TDD when PSS and/or SSS collide with DM-RS. As shown in Figure 3, only one set of DM-RS REs is used at collision. REs not used for DM-RS (which were assigned to DM-RS RE by DM-RS pattern) may be used for data transmission if not used for PSS or SSS transmission. 
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Figure 4. Example of Punctured DM-RS in TDD Case
The main drawback of this option is the potentially reduced available rank from 8 to 4 at colliding region and performance degradation of data demodulation from the lower number of DM-RS.  Further study of the impact on specification and performance may be needed for this option. 

5 Conclusions

This contribution reviewed various approaches to handle collision of PSS/SSS and DM-RS in NCT.  As discussed in the contribution, each approach offers advantages as well as disadvantages, which deserves further investigation and discussion. Particularly, performance impact and RAN2/3/4 impact shall be carefully measured. 
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