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1 Introduction
In RAN1#68bis [1], the following conclusions were achieved for new carrier types:
· 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
· Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimizations such as non-presence of PSS/SSS etc.

Generally speaking, there are still no agreements on the locations of synchronization signals on unsynchronized new carriers and on whether synchronization signals shall be transmitted on synchronized new carriers. In this contribution, we provide our views on these remaining issues for the new carriers in Rel-11.
2 PSS/SSS on unsynchronized new carriers
The goal of design the PSS/SSS transmission on new carriers is to resolve its collision with DM-RS, hence to increase the utilization of frequency resources on the new carriers by allowing DM-RS based downlink transmission on the PRBs with PSS/SSS transmission. Naturally, a direct and simple way is to puncture the DM-RS colliding with PSS/SSS to resolve the collision between PSS/SSS and DM-RS, as shown in Figure 1 for TDD.
By puncturing the DM-RS when colliding with PSS/SSS, new PSS/SSS time locations are not required to resolve collision between PSS/SSS and DM-RS, which simplifies the specification for the new carriers. Furthermore, in case that the new carriers work as stand-alone carriers in the future, the performance of synchronization can be maintained as in Rel-8 by not increasing the number of hypotheses of PSS/SSS detection.
Optimally, DM-RS puncturing shall be only applied on the middle 6 PRBs of the new carriers in the subframes with PSS/SSS transmission, so as to reduce the impact on downlink performance due to less DM-RS being used for channel estimation. In addition, considering that DM-RS puncturing may mainly impact the downlink performance of high speed UEs, eNB can avoid scheduling those UEs’ downlink transmissions on the time and frequency resources with DM-RS puncturing, to further reduce the impact of DM-RS puncturing.
Hence, we have the following proposals for the PSS/SSS and DM-RS transmissions on the new carriers:

Proposal 1: New time locations of PSS/SSS shall not be introduced for the new carriers in Rel-11.
Proposal 2: DM-RS shall be punctured when colliding with PSS/SSS on the new carriers in Rel-11. 
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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

3 PSS/SSS on synchronized new carriers
In this section, we analyze the PSS/SSS transmission on synchronized new carriers from the following aspects:
Complexity:

For a UE that supports unsynchronized new carriers, it shall already support the functionality of performing time/frequency synchronization on the new carriers. However, if there exists a type of UEs which only supports synchronized new carriers, implementation is simpler and more efficient for this type of UEs by obtaining synchronization information from the associated legacy carrier, rather than by detecting synchronization signals on the new carriers.
Collision between PSS/SSS and DM-RS:

It is more efficient for the downlink transmission on synchronized new carriers if PSS/SSS are not transmitted, because DM-RS puncturing is not needed to avoid the collision with PSS/SSS.

Overhead:

Considering the goal of introducing new carrier types, it is desirable to reduce the Rel-8 PSS/SSS overhead on the new carriers to improve the spectrum efficiency, especially for small system bandwidths. As it is shown in Table 1 for TDD, the overhead of PSS/SSS is not negligible especially for small system bandwidths. Thus, it is beneficial to not transmit PSS/SSS on the synchronized new carriers from the overhead perspective.
Table 1: PSS/SSS overhead with Normal CP*
	UL-DL configuration
	Channel Bandwidth

	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	0
	8.70%
	3.48%
	2.09%
	1.04%
	0.70%
	0.52%

	1
	5.41%
	2.16%
	1.30%
	0.65%
	0.43%
	0.32%

	2
	3.92%
	1.57%
	0.94%
	0.47%
	0.31%
	0.24%

	3
	4.30%
	1.72%
	1.03%
	0.52%
	0.34%
	0.26%

	4
	3.74%
	1.50%
	0.90%
	0.45%
	0.30%
	0.22%

	5
	3.31%
	1.32%
	0.79%
	0.40%
	0.26%
	0.20%

	6
	6.67%
	2.67%
	1.60%
	0.80%
	0.53%
	0.40%


*Assuming special subframe configuration 1 (i.e. DwPTS = 9 OFDM symbols)

Considering all the aspects analyzed above, there is no need to transmit Rel-8 PSS/SSS on synchronized new carriers for the purpose of time/frequency synchronization. Hence, we have the following proposal:
Proposal 3: Synchronization signals shall not be transmitted on synchronized new carriers in Rel-11.
4 Conclusions
In this contribution, we discuss the PSS/SSS/DM-RS transmission on unsynchronized new carriers and the PSS/SSS transmission on synchronized new carriers in Rel-11 with the following proposals:
Proposal 1: New time locations of PSS/SSS shall not be introduced for new carriers in Rel-11.
Proposal 2: DM-RS shall be punctured when colliding with PSS/SSS on new carriers in Rel-11. 
Proposal 3: Synchronization signals shall not be transmitted on synchronized new carriers in Rel-11.
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