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1 Introduction

At RAN1 #68bis, the issue for PSS/SSS and DMRS collision was discussed for the new carrier type (NCT) [1]. In the RAN1 #72bis meeting, the solution of introducing a new DMRS pattern was precluded in the context of improving the demodulation performance over DMRS when the PDSCH spans all the OFDM symbols of a subframe. It was encouraged to discuss further between the following two alternatives [2]: 
· Alt. 2a: Do not adopt a new DMRS pattern and shift PSS/SSS 
· Alt. 2b: Do not adopt a new DMRS pattern and puncture DMRS (do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS))

It should be noted that the collision issue only occurs for the unsynchronized carrier case. For the synchronized carrier case, the PSS/SSS may be removed to solve the collision problem.  

In this contribution, these two alternatives are analyzed, as well as other potential alternatives, taking the performance of cell search and demodulation, RRM measurement and NCT identification into account. The details of NCT identification and RRM measurement across different carrier types can be referred to the companion contribution [5]. 
2 Puncturing DMRS
The issue for PSS/SSS and DMRS collision was handled in Rel-10 by not scheduling the PDSCH on a DMRS port on a PRB pair for which at least one PRB of the PRB pair overlaps with the PSS/SSS. If the DMRS is punctured when colliding with PSS/SSS on NCT, the demodulation performance of the PDSCH in the central six resource blocks would be degraded every fifth subframe, since only one slot contains the DMRS in the collision subframes. The performance loss is typically very small for large carrier bandwidths, e.g., a 20 MHz NCT, compared to the small carrier bandwidths, e.g., a 1.4 MHz NCT, since the PDSCH can be scheduled on PRB pairs other than the centre six PRB pairs. Note that this is also true if PDSCH transmissions are not allowed in the central 6 PRBs of subframes that contain PSS/SSS.
While this might be acceptable for a few UEs with low speed and high SNR, it is not a complete solution for all UEs. The PDSCH demodulation performance with punctured DMRS was proven to be disastrous in most cases [7]. DMRS puncturing effectively results in a new DMRS pattern but with much worse performance than any of the other patterns which were suggested. Therefore, it does not seem to be any logical reason to adopt a punctured pattern as it comes with performance disadvantages. Moreover, the performance loss would be comparatively larger for TDD due to having fewer DL subframes. For example, UL/DL configuration 0 would experience performance loss in all subframes. 
Puncturing DMRS also incurs additional standard impact, such as not supporting transmission with a large number of layers, e.g., 5-8 layers. Also, there is not CSI feedback computed on the assumption of punctured DMRS overhead and assuming channel estimation performance with the punctured DMRS, which makes link adaptation difficult for the eNB when scheduling in these PRBs and would require new link adaptation implementation at the eNB. Furthermore, a punctured DMRS would affect the performance of the EPDCCH, forcing the use of higher aggregation levels. Moreover, if performance degradations are experienced on the EPDCCH, there could be other negative impact on the system, such as loss of UL grants and DL power control commands.
Observation 1: PDSCH demodulation performance with punctured DMRS (single slot) is not applicable for all UE speeds and SINR conditions, brings limitations to deployments with smaller carrier bandwidths and UL heavy TDD configurations, and can result in large performance degradation.
3 Shifting PSS/SSS
Between the two alternatives of puncturing DMRS and shifting PSS/SSS, considering the former has the disadvantages of performance degradation and complexity for channel estimator, shifting PSS/SSS is preferred. Specifically, the alternative for shifting PSS/SSS further contains two options. 
· Keeping the existing relation between PSS and SSS location
· Introducing new relation between PSS and SSS location
Keeping the existing relation implies that neither the order nor inter-spacing between the OFDM symbols containing the PSS and SSS changes. Introducing new relation means that the order and/or the inter-spacing between the OFDM symbols containing the PSS and SSS differ from Rel-8-11. Specifically, the two alternatives are discussed as following. 
Keeping the existing relation between PSS and SSS location
This method keeps the PSS/SSS relation, so the same cell searcher for detecting PSS/SSS in legacy carriers can be reused on the NCT. An example of shifting PSS/SSS in FDD systems is shown in Fig. 1 where the PSS/SSS location is shifted to the second and third symbols, which solves the collision issue.
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Fig. 1. Example of shifted PSS/SSS time locations for FDD.
Introducing new relation between PSS and SSS location
As shown in [3] it is beneficial to maintain the coherent detection for SSS based on the channel estimation by PSS from the implementation point of view, the inter-spacing between the shifted PSS and SSS mapping symbols should not be larger than three. As an example of introducing new relation for PSS/SSS location in FDD systems shown in Fig. 2, the PSS/SSS location is shifted to the second and fourth symbol respectively, which can also solve the collision issue. Note that other locations can also be considered if it is new relation and also the inter-spacing between PSS and SSS is less than three. In addition, a unified solution is more beneficial for different system configurations, e.g., for different CP lengths and/or different duplexing schemes. 
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Fig. 2. Example of new relation for PSS/SSS locations for FDD.
3.1 NCT identification

How to shift PSS/SSS for handling the collision issue is related with NCT identification, which generally comprises two aspects. One is how to prevent a legacy UE from camping or accessing the NCT, the other is how to identify the NCT by a Rel-12 UE. For the former issue, there was no consensus at RAN1#68bis to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. Higher layer solutions as discussed in [4] and [5] may suffice for handling this. However, as a side-effect of moving PSS/SSS in order to solve the DMRS collision issue, introducing new relations between PSS and SSS locations may additionally have merits for providing carrier type identification at virtually no further cost. On the contrary, puncturing would not provide NCT identification by means of the synchronization signals (since Rel-8 PSS/SSS sequences are transmitted per RAN1#68bis agreement).
The issue for NCT identification and RRM measurement also applies to the standalone NCT, which should be taken into account in order to have a common solution for both non-standalone and standalone NCTs to simplify the system design.
If PSS/SSS are shifted by keeping the current relation, a Rel-12 UE cannot identify the NCT by detecting the PSS and SSS. The broadcasting channel or other means can be used for identifying a standalone NCT. Furthermore, for RRM measurement, a Rel-12 UE does not need to decode the broadcasting channels, so the UE would need to blindly detect the CRS or RCRS to differentiate between a legacy carrier and a NCT. Such blind detection would bring additional complexity and may also lead to the performance degradation for RRM measurement.
On the other hand, if a new relation between PSS and SSS location is introduced, it is obvious that a Rel-12 UE can directly use this new relation for identifying the NCT during initial access or RRM measurement, although it would introduce a new cell searcher. One point is that the inter-spacing between PSS and SSS mapping symbols should preferably not be larger than 3, in order to maintain the possibility for implementing coherent detection for SSS based on the channel estimation by PSS.
Table 1. Comparison of schemes of introducing or not introducing a new relation between PSS and SSS
	
	Prevent legacy UE
	NCT identification
	RRM measurement
	Cell search

	No new relation
	Indirect (high layer signaling)
	Indirect (broadcast channel or blind detection of CRS/RCRS)
	Indirect (CRS/RCRS blind detection)
	Reuse legacy cell searcher

	New relation
	Direct 
	Direct
	Direct
	Additional cell searcher


In light of the above discussion, the following is proposed:
Proposal 1: Shift PSS/SSS to avoid collisions between DMRS and PSS/SSS.

4 Other alternatives
If there is no consensus between shifting PSS/SSS and puncturing DMRS, other alternatives may also be considered, such as PDSCH scheduling restriction or demodulation based on RCRS. Note that without further agreement, PDSCH scheduling restriction would naturally be the result.

PDSCH scheduling restriction

Not solving the collisions between DMRS and PSS/SSS would incur a PDSCH scheduling restriction. Similar as DMRS-based PDSCH in Rel-10, a UE cannot be scheduled in PRBs that contain PSS/SSS. However, the loss due to the scheduling restriction is not large if the carrier bandwidth is not too small. Compared to puncturing DMRS, there is no need to introduce additional complexity for a new channel estimator. A similar restriction would apply for EPDCCH configuration and scheduling in these PRBs.
In smaller bandwidths such as 1.4 MHz, collisions between DMRS and PSS/SSS can be avoided by not transmitting PSS/SSS when the non-standalone NCT is synchronized with its aggregated legacy carrier. The synchronization issue in 1.4 MHz for an unsynchronized NCT is discussed in [6]. 

PDSCH demodulation on reduced CRS

While the current agreement is that the RCRS on NCT is not used for demodulation, as long as RCRS are present in a PRB it is possible to consider using this reference signal for demodulation when DMRS are not effective, since it would not incur additional overhead. Of course, impact on UE complexity should also be considered as a tradeoff for providing downlink transmission with good demodulation performance in PRBs with PSS/SSS. 
Practically, it would be possible to utilize the RCRS as a reference signal for PDSCH demodulation on the 6 central PRBs of the carrier in subframes where there would be DMRS collision with PSS/SSS. The DMRS would still be used on any PRBs other than the 6 central ones to achieve the performance benefits of DMRS-based precoding.
Observation 2: Reduced CRS may be present in PRBs with PSS/SSS (pending decision on the location of RCRS), and hence could be used for PDSCH demodulation without incurring additional overhead.

A CRS-based PDSCH located within the 6 central PRBs may be scheduled by an EPDCCH located outside these PRBs. However, to support an NCT with a system bandwidth of 1.4 MHz (6 PRBs), given that EPDCCH can in such a case not be transmitted in subframes where DMRS collides with the PSS/SSS, RCRS-based downlink control channel transmission (i.e., PDCCH) would hence be necessary, unless other means are introduced, such as multi-subframe scheduling. 

Observation 3: For NCT system bandwidths larger than 1.4 MHz (6 PRBs), EPDCCH may be transmitted in PRBs not containing PSS/SSS. For NCT system bandwidth of 1.4 MHz (6 PRBs), PDCCH may need to be re-introduced if PRBs containing PSS/SSS exist.

Hence, we propose the following:
Proposal 2: If there is no consensus to shift PSS/SSS for handling collisions between DMRS and PSS/SSS, then the following alternatives can also be considered:

· Utilizing the Reduced CRS for PDSCH demodulation on the 6 central PRBs of the carrier in subframes where DMRS collides with PSS/SSS.

· Do not schedule the PDSCH and EPDCCH on a DMRS port in a PRB pair that overlaps with the PSS/SSS.
While PDSCH scheduling restriction or PDSCH demodulation on reduced CRS would not require moving the PSS/SSS, it is a separate issue whether PSS/SSS needs to be moved for purposes such as handling carrier identification. It is worth noting that since DMRS is not present on the 6 central PRBs with these two alternatives; there may be more possible PSS/SSS candidate locations. 

5 Conclusions
In this contribution, solutions for handling PDSCH transmissions in PRBs with PSS/SSS, including puncturing DMRS and shifting PSS/SSS are analyzed, taking the performance of cell search and demodulation, RRM measurement and NCT identification into account. Alternative solutions consisting of utilizing reduced CRS for demodulation or not allowing PDSCH transmissions in PRBs with PSS/SSS are also discussed. Finally, the following are proposed:
Proposal 1: Shift PSS/SSS to avoid collisions between DMRS and PSS/SSS.

Proposal 2: If there is no consensus to shift PSS/SSS for handling collisions between DMRS and PSS/SSS, then the following alternatives can also be considered:

· Utilizing the Reduced CRS for PDSCH demodulation on the 6 central PRBs of the carrier in subframes where DMRS collides with PSS/SSS.

· Do not schedule the PDSCH and EPDCCH on a DMRS port in a PRB pair that overlaps with the PSS/SSS.
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