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1 Introduction

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 [1]. Two remaining alternatives for the PSS/SSS and DMRS collision issue are shifting the PSS/SSS locations or puncturing the DMRS. 
In this contribution, DMRS puncturing is further evaluated and it is also studied whether to use the same or different relative positions for PSS and SSS compared to legacy systems, taking the complexity of cell searcher, RRM measurement and NCT identification into account. The details of NCT identification and RRM measurement across different carrier types are contained in the companion contribution [2]. 
2 Further evaluation for DMRS puncturing
In this section we evaluate the performance of the punctured DMRS, The simulation assumptions are contained in Appendix A.  Performance results are shown in Figure 1-4.  
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Figure 1. BLER for EPA 3 km/h, QPSK                    Figure 2. BLER for EPA 3km/h, 16QAM
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Figure 3. BLER for ETU 30 km/h, QPSK                 Figure 4. BLER for ETU 30 km/h, 16QAM
As shown in Figure 1-4, compared with the Rel-11 DMRS, the performance of a punctured DMRS pattern degrades in all cases, especially at higher speed. For the BLER at 10%, there is more than 1 dB performance degradation at the speed of 30 km/h. The performance at ETU 120 km/h is provided in Appendix B. At high speed, the PDSCH demodulation performance with punctured DMRS is disastrous.
Although the eNodeB can avoid scheduling such high speed UEs’ downlink transmissions on those PRBs with punctured DM-RS, it increases the scheduling restriction and also scheduling complexity and furthermore, such a method does not apply for the minimum bandwidth case (1.4 MHz). 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. 

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.
In addition to the performance loss for puncturing DMRS, a number of other disadvantages have also been identified [6]: 
· PDSCH/EPDCCH transmission in PRBs with PSS/SSS limits the number of spatial layers and the possibility to schedule MU-MIMO transmissions
· Small possibility to avoid transmission of PDSCH/EPDCCH with DMRS puncturing in carrier with small bandwidth and in TDD DL/UL configurations with few DL subframes 
· Link adaptation for PDSCH/EPDCCH  with punctured DMRS may require defining a new and additional CSI reference subframe and accurate UE speed estimation at the eNB 
· Puncturing DMRS would compromise the transmission of EPDCCH for common search space in subframes 0 and 5 on NS-NCT or S-NCT, as well as MIB/SIB transmissions
· Allowing EPDCCH/PDSCH demodulation on punctured DMRS requires the support of a new additional channel estimation at the UE
Proposal 1: DMRS puncturing is not adopted. 
3 Shifting PSS/SSS location
There are two options for shifting the OFDM symbol location of the PSS and SSS: 
· Option 1: Keeping the existing relation between PSS and SSS locations
· Option 2: Introducing a new relation between PSS and SSS locations
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. In both options the absolute OFDM symbol location for PSS and SSS may be different than on a legacy carrier. 
3.1 Impact to legacy UEs
In [7] and during the discussions at RAN1#73, it was argued that a new time location or a new relation of PSS/SSS makes it much more difficult or impossible to deploy a backward compatible carrier type (BCT) and an NCT in the same or adjacent coverage areas using the same carrier frequency. For example, if the NCT is deployed in a pico cell being under the coverage of a BCT in a macro cell, a coverage hole would exist for the legacy UEs in the vicinity of the pico cell.

The problem claimed for a legacy UE are the following when it is in the vicinity of the NCT pico cell:

· The legacy UE cannot measure RSRP of the NCT because of the new PSS/SSS, thus it cannot detect the presence of a strong interference from the NCT by RSRP measurement.

· The legacy UE’s serving cell RSRQ cannot capture the interference from the NCT when the NCT is lightly loaded, thus it cannot detect the presence of a strong interference from the NCT by RSRQ measurement.

· Without being able to detect the need for a handover the UE will evolve into a radio link failure. Idle UEs have the same issue.
One could configure eICIC restricted measurements for the legacy UEs connected to the BCT, and only serve these UEs in blank subframes of the lightly loaded NCT. Of course, legacy UEs of releases earlier than Rel-10 would still not be able to report this type of measurements. On the other hand, UEs served by the NCT in Cell Range Expansion would also suffer interference from the macro BCT. Therefore, the macro cell also needs to configure almost blank subframes to protect UEs served by the NCT. As we can see, some solutions could potentially alleviate the problem, but these solutions appear to be rather complex.

However, our understanding is that a legacy UE should not be able to camp on or access an NCT, and thus is not required to take RRM measurements on NCT. RRM measurements on NCT may anyway not be reliable even without changing the relative location of PSS/SSS, since the NCT does not transmit the CRS but only a reduced CRS. Therefore, same carrier frequency deployment of an NCT and a BCT does not appear as a prioritized scenario. This case has never been evaluated and it is questionable whether there is any net gain from such scenario and we should regard this as a corner case. 
Observation 2: Same carrier frequency deployments of legacy carrier type and new carrier type are not prioritized cases. Legacy UEs are not required to measure on, or identify an NCT, thus new PSS and SSS time locations are feasible.
3.2  Design principle for new PSS/SSS location

Before discussing detailed new PSS/SSS candidate locations for the two options, we first give some general design principles, based on which the specific new PSS/SSS location can be converged easily. 

Principle 1: The inter-spacing between PSS and SSS should not be larger than three OFDM symbols. 
Principle 2: The new PSS/SSS location should avoid collision with other reference signals, e.g. RCRS. 
Principle 3: A common solution should be adopted for both normal CP and extended CP, and possibly for both FDD and TDD. 

Principle 4: Usage of shortest DwPTS where new DMRS patterns and control channels may be introduced should be taken into account, so PSS/SSS should avoid TDD special subframes.
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, which aligns with principle 1. Principle 2 minimizes the performance impact to time and frequency tracking, RRM measurement and also CSI measurement. Principle 3 aligns with the current scheme in legacy systems where a common solution is used for different CP configurations. For example, symbol #1 and #3 in a subframe would not apply for the extended CP case, since fewer OFDM symbols are within a subframe for extended CP case. For principle 4, NCT should provide future-proof solutions for various situations, such as Macro cells and Pico cells, non-standalone and standalone operations. Accordingly, a new DMRS pattern may be introduced in the shortest DwPTS, implying that TDD special subframes should not contain PSS/SSS. The detailed discussion can be referred to the companion contribution [4]. 
3.3 Candidate PSS/SSS location

Conforming to the above design principles, we discuss candidate PSS/SSS locations, and further comparisons of the two options are given. 
Option 1: Keeping the existing relation between PSS and SSS location
Based on the above principles, the solution of shifting PSS/SSS is shown in Fig. 5 where the locations of PSS and SSS are shifted to symbol #2 and #1, respectively, in subframe #0 and #5. Note that this is a common solution for both normal CP and extended CP cases, and TDD and FDD. 
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Fig. 5. Example of shifted PSS/SSS time locations
Option 2: Introducing new relation between PSS and SSS location
Based on the above principles, the solution of introducing new relation for PSS/SSS location is shown in Fig. 6, where the locations of PSS and SSS are shifted to symbol #1 and #2, respectively, in subframe #0 and #5. Note that this is a common solution for both normal CP and extended CP cases, and TDD and FDD. 
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Fig. 6. Example of new relation for PSS/SSS locations
Based on the above principles, it is difficult to find other PSS/SSS locations for TDD with and without new relative locations for both the two options. Therefore, FDD and TDD can share the same PSS/SSS location shown in the above figures, and the duplexing indication can be carried in the system information or RRC dedicated signaling. 

Proposal 2: FDD and TDD share the same PSS/SSS location, and the duplexing indication is carried in the system information or RRC dedicated signaling. 
As analyzed in [5], option 2 can provide benefits to prevent legacy UEs’ access, NCT identification during initial accessing and RRM measurement, but introduce some additional complexity to the cell searcher. It should be noted that the only means in the PHY layer to prevent legacy UEs access to an NCT is to move the PSS/SSS, since it has been agreed that the PSS/SSS signals from Rel-8 are to be used. 
Proposal 3: If additional complexity to the cell searcher is acceptable, it is preferred to introduce new relative location of PSS and SSS:
· PSS is in symbol #1 in subframes #0 and #5
· SSS is in symbol #2 in subframes #0 and #5

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, which was specifically discussed in [5]. Note that without further agreement, PDSCH scheduling restriction would naturally be the result, since the current agreement is that the RCRS on NCT is not used for demodulation. 
Proposal 4: If no consensus is achieved between shifting PSS/SSS and puncturing DMRS, other alternatives can be considered, such as PDSCH scheduling restriction and RCRS based demodulation. 

4 Conclusions
In this contribution, DMRS puncturing is further evaluated and it is also studied whether to use the same or different relative positions for PSS and SSS compared to legacy systems, taking the complexity of cell searcher, RRM measurement and NCT identification into account. Finally, the following are proposed:

Proposal 1: DMRS puncturing is not adopted. 

Proposal 2: FDD and TDD share the same PSS/SSS location, and the duplexing indication is carried in the system information or RRC dedicated signaling. 
Proposal 3: If additional complexity to the cell searcher is acceptable, it is preferred to introduce new relative location of PSS and SSS:
· PSS is in symbol #1 in subframes #0 and #5
· SSS is in symbol #2 in subframes #0 and #5

Proposal 4: If no consensus is achieved between shifting PSS/SSS and puncturing DMRS, other alternatives can be considered, such as PDSCH scheduling restriction and RCRS based demodulation. 
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Appendix A. Simulation assumptions
Table 5. Simulation assumptions for PDSCH.
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	Channel model
	EPA 3 km/h, ETU 30 km/h, ETU 120 km/h

	CP length
	Normal CP

	Location and number of PDSCH RBs
	Fixed, 6 PRBs

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	1 

	PDSCH starting symbol
	The first OFDM symbol

	Overhead assumption
	12 REs/PRB for DMRS

	Antenna correlation 
	Medium correlation (3, 30 km/h), Low (120 km/h)

	CSI feedback
	Ideal 

	HARQ 
	No

	MCS for PDSCH
	QPSK, 1/2 code rate

16QAM, 1/2 code rate

	Performance metrics for PDSCH
	BLER

	Receiver
	MMSE

	Channel estimator
	2-D Wiener filtering for non-punctured DMRS,
Wiener filtering in frequency domain for punctured DMRS


Appendix B. PDSCH demodulation:
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Figure 7. BLER for ETU 120 km/h,                                 Figure 8. BLER for ETU 120km/h,

                                   QPSK, 1/2 coding rate.                                                    16QAM, 1/2 coding rate.
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