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1
Introduction
In RAN1#72bis, it was concluded that new DM-RS patterns are not to be adopted for NCT. In this document we share our views on how to handle the collision between PSS/SSS and DM-RS for NCT in Rel-12. 
2
Discussion
Discussions regarding collision between DM-RS and PSS/SSS have been carried out in many RAN1 meetings. In particular, the following was concluded in RAN1#72bis:

· Do not adopt a new DMRS pattern

· Discuss further between Alt 2a and 2b or consider whether there may be other possible solutions for the PRBs containing PSS/SSS until RAN1#73.

· 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))

Alt 2a involves moving PSS/SSS to a different location in order to avoid collision with DM-RS in the center 6 RBs in every 5ms. Note also that in RAN1#68bis, it was concluded that there was no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. Moreover, in LTE Rel-8/9/10, the time locations of PSS/SSS relative to each other for FDD and TDD are designed to be different, in order to facilitate early detection of the frame structure type (FDD or TDD). Any change of the time locations of PSS/SSS, different from the current Rel-8/9/10 locations, would result in one additional pair of PSS/SSS relative locations – one for FDD and the other for TDD. As a result, if new time location of PSS/SSS is introduced for the new carrier type, a Rel-12 UE may need to handle 4 possible sets of PSS/SSS relative locations. However, this can be alleviated by the following.  A UE can always search for the legacy locations and attach to a cell that transmits the legacy PSS/SSS. Then the UE would receive a channel list that would explicitly identify the channels on which the UE would perform search assuming the new locations only.  The channel list could also include FDD / TDD info, CP type, etc. 

If a new time location of PSS/SSS were adopted, additional details need to be developed. In particular, as discussed in RAN1#69, there are two categories of potential new PSS/SSS time locations:

· 1a: keeping Rel-8 relative locations of PSS/SSS

· 1b: change relative locations of PSS/SSS

Indeed, in RAN1#73, the following was concluded:

· In case shifting PSS/SSS were to be adopted, study further whether the same or different relative positions would be used as in Rel-8.
It is expected that significant efforts are necessary to finalize the details if a new time location of PSS/SSS were adopted, especially also considering the need to handle both FDD and TDD systems. 
In addition, a new time location of PSS/SSS makes it much more difficult to integrate legacy carrier type and new carrier type in the same or adjacent coverage areas using the same carrier frequency. Even if the same relative location is used, the relative position between PSS/SSS and the reference signals (e.g., 1-port CRS) would be different between the legacy carrier type and the new carrier type, making it difficult for the UE to perform necessary measurement without the knowledge of the carrier type. Good integration of legacy carrier type and new carrier type is necessary to ensure smooth and gradual transition between the two carrier types in deployments. It is necessary for legacy UEs to identify and report cells of NCT in order to:

· Avoid RLF

· A UE close to a NCT cell without being able to measure and report the cell is subject to RLF. On the contrary, if the legacy UE is able to identify and report the NCT cell, the eNB may take necessary steps to minimize or avoid RLF.

· Improve system operation

· After receiving report of a NCT cell by a backward compatible cell, the eNB may improve system operation by better serving this UE and other UEs. The legacy UE may possibly be served by the NCT cell in a transparent manner.  Other UEs may also benefit from the identification and reporting of the NCT cell by the legacy UE due to better interference and scheduling management.

· Report RSRP to trigger inter-frequency measurement

· A UE may be better managed to perform inter-frequency measurement due to identification and reporting NCT cells on a given frequency.
The above points are illustrated in Figure 1 below. 
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Figure 1  BCT-NCT interference scenario
Note that the above benefits do not apply to UEs operating in idle mode. It can be assumed; however, that legacy idle mode UEs would be barred from the frequency having a mixed NCT and non-NCT deployment.  Given the presence of NCT cells, it is anyhow reasonable to assume that the operator has another frequency available on which to page legacy (or all) idle UEs. 
Another potential issue regarding legacy UEs measuring NCT cells is that legacy UEs assume two non-MBMS subframes carrying CRS symbols that can be measured per 5ms, even though the NCT cell transmits only one subframe with CRS per 5ms. This causes noticeable measurement inaccuracies.  We note however, that the main motivation of a legacy UE measuring an NCT cell is RLF avoidance and timely triggering of inter-frequency measurements, not handover for accurate load balancing. For this reason, the UE only needs to be able to detect that the neighbor is significantly stronger than the current serving cell and accurate measurements are not so important.  

Note also, that due to the non-colocation assumption, the legacy UE shown in Figure 1 cannot be configured with F2 as the SCell frequency, even if the UE is CA capable. 

As a result, Alt 2a is not preferred.

Alt 2b has minimal standardization and implementation impact. There is no PSS/SSS change relative to legacy carrier type (LCT). Reusing the same PSS/SSS design also facilitates integration of LCT and NCT in the same or adjacent coverage areas using the same carrier frequency. That is, a legacy UE is consequently able to perform necessary measurement of NCT without the knowledge of the carrier type. 
Punctured DM-RS pattern can be supported in case of collision between DM-RS and PSS/SSS. In particular, under collision:

· For FDD, the DM-RS REs in the first slot are punctured; only DM-RS in the second slot is used for PDSCH/EPDCCH

· For TDD, the DM-RS REs in the second slot are punctured; only DM-RS in the first slot is used for PDSCH/EPDCCH

· In special subframes, the DM-RS REs located in the 3rd and 4th symbols in the first slot are punctured

Note that:

· Punctured DM-RS pattern is already handled by Rel-11, and hence there is no additional complexity involved.

· Punctured DM-RS pattern is supported in Rel-11 for TDD due to the introduction of the new special subframe configuration.
· Although there is some performance impact due to punctured DM-RS pattern (vs. regular DM-RS pattern), the impact is generally minimal and can be easily managed by eNB

· The performance loss is only in the center 6 RBs

· The performance loss occurs only in subframes when PSS/SSS is transmitted

· For FDD, it is in subframes 0 and 5; for TDD, it is in subframes 0, 1, 5, and 6
· As shown later via simulations, for low to medium mobility cases, the impact of punctured DM-RS pattern is not significant even without the help of H-ARQ
· Combined with H-ARQ operation, the impact is expected to even less

· In addition, punctured DM-RS patterns consume less DM-RS overhead (compared with regular DM-RS pattern), and hence result in more resources for PDSCH/EPDCCH.

· DM-RS overhead reduction is one of the topics currently studied under small cells.

· The eNB can minimize the loss by scheduling high mobility UEs in other non-center RBs and/or non-PSS-SSS subframes. 
· The eNB can roughly measure low mobility vs. high mobility by using, e.g., UL transmissions (e.g., SRS).
Besides punctured DM-RS pattern, other alternatives include:

· No support of DM-RS based PDSCH/EPDCCH in the center 6 RBs when there is PSS/SSS

· This is the same as in Rel-11

· Support CRS based PDSCH/EPDCCH in the center 6 RBs when there is PSS/SSS

· More than one CRS port may be necessary (e.g., 2 CRS ports) for better performance

· CRS bandwidth for demodulation can be limited to the center 6 RBs or spanning the entire system bandwidth

To sum up, we propose:

· Proposal: A new time location of PSS/SSS is not adopted for NCT. Punctured DM-RS pattern can be supported in case of collision between DM-RS and PSS/SSS. 
3
Simulations
In order to investigate the impact of punctured DM-RS pattern, link level simulations are performed. Two punctured DM-RS patterns are investigated, as shown below, one for FDD and the other for TDD.
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Figure 2 Two punctured DM-RS patterns: i) slot 0 DM-RS is punctured (FDD); ii) slot 1 DM-RS is punctured (TDD)
Two cases of PDSCH transmissions are investigated:

· A 6-RB PDSCH, all located in PSS/SSS PRB pairs, QPSK and 1 code block

· A 50-RB PDSCH, 64QAM, and 3 code blocks

Detailed simulation assumptions can be found in the Appendix.
As can be seen in Figure 3, comparing with the regular DM-RS pattern which comprises of 12 DM-RS REs, punctured DM-RS patterns with 6 DM-RS REs experience roughly 0.2 to 0.5dB loss at 10% packet error rate (PER) under low to medium mobility. The case of puncturing slot 1 (for TDD) performs slightly better than the case of puncturing slot 0 (for FDD) due to the fact that in the former case, the remaining DM-RS REs are largely located in the center of a subframe.
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Figure 3 PDSCH performance under punctured DM-RS patterns, a 6-RB assignment in the center 6 RBs, QPSK, 1 code block, 3km and 30km per hour, respectively
Figure 4 presents the case when PDSCH is based on 64QAM with 3 code blocks.  Similar comparison can be observed. In particular, at 10% PER, punctured DM-RS patterns exhibit no performance difference at 3km/h, and <0.1dB loss for the case of puncturing slot 1 and 0.3dB loss for the case of puncturing slot 0 at 30km/h. 
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Figure 4 PDSCH performance under punctured DM-RS patterns, a 50-RB assignment, 64-QAM, 3 code blocks, 3km and 30km per hour, respectively

In addition, the following are noted:
· The above simulations are for PDSCH transmissions without HARQ. With HARQ, the performance gap between regular and punctured DM-RS patterns is expected to be even less.
· In the above simulations, the amount of REs for PDSCH is assumed to be the same for regular DM-RS pattern and punctured DM-RS patterns. However, since punctured DM-RS patterns have less number of DM-RS REs, the corresponding PDSCH would have additional REs in the corresponding PRB pairs under collision. 
4
Conclusions 

In this document, we discussed the handling of DM-RS colliding with PSS/SSS. Significant changes to the current Rel-8 PSS/SSS design are not preferable, especially considering the need for good integration of legacy carrier type and new carrier type using the same carrier frequency. Simulations showed that punctured DM-RS patterns offer satisfactory performance for low to medium mobility scenarios even without the assistance of H-ARQ. As a result, we propose:

· The same Rel-8 frequency and time location of PSS/SSS should be used for NCT in Rel-12 
· For the case when PSS/SSS and DM-RS collide in the center 6 RBs, punctured DM-RS pattern can be adopted.
5
Appendix
The following table provide additional details for the simulations discussed in Section 3.
	Parameter
	Description

	Carrier Frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	ETU 3km/h, ETU 30km/h

	PDSCH Assignments
	Fixed, either 6 PRB pairs in the center, or the entire 50 PRB pairs

	Transmission Mode
	9

	Antenna Configuration
	2Tx and 2Rx

	Rank
	Rank 1

	Channel feedback
	Non-ideal

	HARQ
	Disabled

	MCS
	Fixed

	Channel estimation
	Practical
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