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1. Introduction
In RAN1#73, the issue of collision between PSS/SSS and DMRS has been discussed and evaluated for resolving it. However, we did not reach any meaning progress for this issue, so it was delay to RAN1#74 for concluding this issue. The following is the conclusion from RAN1#73.
Conclusion: (from RAN1#73)
· 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 
· Study further the degradation due to possible puncturing of DMRS.
In this contribution, we discuss solutions to resolve the collision problem between PSS/SSS and DMRS on NCT and provide our preference. 
2. Shifting PSS/SSS
In alternatives which are based on shifting PSS/SSS, when investigating new PSS/SSS position to avoid the collision with DMRS, there could be several design aspects to find best PSS/SSS position providing various advantages. We think followings should be basically considered:
· Avoidance of other RSs and signaling (e.g. CSI-RS, RCRS and PBCH (for S-NCT if supported): In addition to the issue which PSS/SSS is collided with DMRS in central 6PRB-pairs, it should avoid the possibilities of additional collisions from existing RSs and channels. 

· Early detection of duplex mode: Since Rel-8, by mapping PSS/SSS on different OFDM symbols between FDD and TDD, early detection of the duplex mode has been easily provided to the UEs. For NCT, this functionality is also essential functionality so that UEs that is trying to access a cell can early recognize the band characteristic to improve the cell acquisition procedure (e.g. reduction of accessing delay, fast determination of information specialized with the duplex mode).

· Coherent detection of SSS from PSS: For coherent detection of SSS, the SSS is located in the symbol immediately preceding the PSS (e.g. FDD: consecutive allocation, TDD: inter-spacing with two OFDM symbols) based on the assumption that the channel coherence duration is at least longer than three OFDM symbols. Accordingly, maintaining this principle would be also desirable for NCT to enable the efficient demodulation method for detecting the SSS.

· Design commonality between normal CP and extended CP: Although the common design between different CP types will be preferred to reduce a cell search complexity, implementation and standard efforts, it may not be essential feature for deciding new position of PSS/SSS.
Together with the above aspects, shifting PSS/SSS could have two different design options as seen in conclusion from RAN1#73: one (alt 1a) is to keep same relative position between PSS and SSS as Rel-8, and second (alt 1b) is to allow new relative position and/or order between PSS and SSS. 
Alt 1a: Keep Rel-8 relative position between PSS and SSS 
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Figure 1. Example of possible PSS/SSS position with alt 1a
For each of duplex mode and CP type, the possible REs for new location of PSS/SSS that are kept with same relative position as Rel-8 is shown in figure 1 [1]. PSS and SSS can be moved and placed in yellow REs in figure 1 where it is assumed that Reduced CRS(RCRS) is not transmitted in subframe 1 and 6 for TDD, and special subframe configuration#3,4,8 and #1,2,3,5,6 are configured for normal CP and extended CP, respectively. Considering the basic principles as discussed in the above, it seems that new position of PSS/SSS based on the alt 1a has only one candidate position which is shown in figure 1, and can keep almost all of the basic principles as in Rel-8, except the commonality between normal and extended CP in TDD, while it may cause the other implementation and standard impacts as shown in table 1. The table 1 summarizes our observations on the alt 1a with further considerations as following:
Table 1. Further considerations for shifting PSS/SSS with alt 1a
	
	Alt 1a (same relative position between PSS/SSS for NCT)

	Implementation complexity
	· Less complexity of UE implementation (i.e. reusing a same cell searching block as Rel-8)

	Limitation of system configurations
	· In order to keep Rel-8 relative position between PSS and SSS, it will enforce not to configure the special subframe configuration#0/5 in normal CP and #0/4 in extended CP, and also the RCRS shall not be transmitted in a special subframe. When considering the case where the NCT is deployed in a macro site, the above limitations may affect its coverage and flexibility in TDD 

	Carrier type indication
	· While the indication of carrier type by RRC signaling from PCell is available for NCT (i.e. NS-NCT) in connected mode, the carrier type during initial cell access may be implicitly informed of the Rel-12 UE by blindly detecting the CRS/RCRS RE positions or new PBCH. Alternatively, an explicit signaling by broadcasting channel can be also considered.

	RRM measurement
	· For Rel-12 UE, it may result in performance degradation of RRM measurement from false detection of CRS/RCRS position due to absentness of carrier type information, and thus it may bring additional complexity to find the position of CRS/RCRS and power consumption to the Rel-12 UEs

	Legacy UE impacts
	· If there is no initial coordination for legacy UEs to perform the RRM measurement on NCT, it may recursively report the incorrect RRM measurement to the network. 

	Duplex mode
	· Distinguishable by PSS/SSS


Observation 1: For alt 1a, although it provides Rel-12 UE with less implementation complexity by reusing a same cell searcher block, the limitation of system configurations shall be accommodated, and there may be some factors causing performance degradations (e.g. RRM measurement) as well as legacy UE impacts.
Alt 1b: Introduce new relative position and/or order between PSS and SSS
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Figure 2. Example of possible PSS/SSS position with alt 1b
In alt 1b, there can be several possible OFDM symbols for new positions of the PSS/SSS which does not result in additional collision with other RSs and channel, assuming that there is no need to keep Rel-8 relative position. Figure 2 shows that according to new PSS/SSS position, it may not be possible to distinguish the duplex mode in NCT during initial cell accessing. If the duplex mode needs to be early detected from PSS/SSS in NCT, it may be possible to have the different order by swapping PSS/SSS different from Rel-8. For example, PSS is located in 2nd OFDM symbol immediately preceding SSS which is located in 3rd OFDM symbol in FDD, while the same order between PSS and SSS is maintained in TDD as current. Alternatively, it was proposed that the duplex mode can be indicated by system information [2]. 
Similar to alt 1a, the possible considerations for alt 1b are discussed as shown in table 2.
Table 2. Further considerations for shifting PSS/SSS with alt 1b
	
	Alt 1b (new relative position/order between PSS/SSS for NCT)

	Implementation complexity
	· Higher implementation complexity than alt 1a (i.e. new implementation of cell searcher block and increased hypothesis for cell identification)

	Limitation of system configurations
	· No additional restriction to the system configuration

	Carrier type indication
	· It will allow the Rel-12 UEs to provide the early detection of carrier type by PSS/SSS

	RRM measurement
	· Rel-12 UE can maintain the performance of RRM measurement same as that of Rel-8 from the early detection of the carrier type information

	Legacy UE impacts
	· If different relative position and/or order between PSS and SSS for both FDD and TDD is adopted, legacy UE will be blocked in initial level of cell search and RRM measurement, and thus more efficient cell search behavior and RRM measurement will be allowed for the legacy UE

	Duplex mode
	· Depending on the position of PSS/SSS for FDD/TDD, it may be allowed to distinguish the duplex mode on a cell. Alternatively, it can be delivered by broadcasting channel


Observation 2: With the cost of additional UE implementation and complexity, it would be able to provide the Rel-12 UE with reliable RRM measurement and efficient camping on procedure given that different relative position and/or order between PSS and SSS for both FDD and TDD is adopted.
In summary, it can be considered that the alt 1b makes more efficient and cleaner ways for NCT, focusing on the impacts including legacy UE impacts, RRM measurement as well as the limitation of system configurations (e.g. RCRS transmission subframe and special subframe configuration) compared with the alt 1a. However, it is not clear whether new implementation of the cell searcher block and increased hypothesis from alt 1b are acceptable in Rel-12 UE design. Therefore, we think more clear justification of the alt 1b needs to be evaluated and provided, if the shifting PSS/SSS is agreed for handling the collision issue between PSS/SSS and DMRS.
3. Puncturing DMRS

This alternative is to puncture DMRS REs in the case where it is collided with PSS/SSS. While puncturing DMRS could degrade performance of PDSCH due to less reliability of channel estimation, the degree of its performance impact may not be significant in case of low mobility scenarios and high SNR, which has been confirmed by many simulations [3][4]. Based on simulation results, it has been argued that the eNB could schedule PDSCH transmission with robust MCS level to the low mobility UEs to compensate the less reliability of channel estimation from punctured DMRS. Furthermore, it was also considered that the effects of puncturing DMRS may be dependent on system bandwidth for NCT and how many DL subframes with the collision are shown especially in TDD. With previous discussion related with puncturing DMRS, we think that it is natural to maintain the position of current synchronization signal given no significant performance degradation by puncturing DMRS, since shifting PSS/SSS position may be as if additional RAT is introduced on top of the existing RATs (e.g. WCDMA, GSM, LTE) in Rel-12 UE perspective. Thus, the alternative related to shifting PSS/SSS needs to be carefully treated.
Following table shows further considerations from puncturing DMRS similar to alternatives of the shifting PSS/SSS:
Table 3. Further considerations for puncturing DMRS
	
	Alt 2 (Puncturing DMRS)

	Implementation complexity
	· Least complexity of UE implementations (e.g. reusing a same cell searching block as Rel-8)

	Limitation of system configurations
	· No additional restriction to the system configuration

	Carrier type indication
	· While the indication of carrier type by RRC signaling from PCell is available for NCT in connected mode, the carrier type during initial cell access may be informed of the Rel-12 UE by using the broadcasting channel

	RRM measurement
	· Regardless of carrier type, Rel-12 UE will report the RRM measurement based on Rel-8 assumption

	Legacy UE impacts
	· For the initial cell access, unnecessary attempts for detecting system information (e.g. MIB) on NCT will be occur by legacy UEs.

	Duplex mode
	· Distinguishable by PSS/SSS


If the DMRS puncturing is agreed for handling the collision problem with the synchronization signals, channel estimation in a single slot (using two OFDM symbols) within a subframe will be performed in case of FDD, while either two or three OFDM symbols for punctured DMRS can be used for channel estimation in case of TDD. In TDD using two OFDM symbol for punctured DMRS, it is same as FDD but, if only one OFDM symbol is punctured in TDD, one more OFDM symbol can be transmitted for DMRS as seen figure 3. With this option in TDD, the channel estimation performance from puncturing DMRS will be improved and provide more supportable layers with slight modification (e.g. OCC length 3) compared to that of FDD.
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Figure 3. Example of puncturing DMRS in TDD
With the above discussions, we think how the performance degradation of PDSCH/EPDCCH is controlled can be dependent on eNB/UE implementation considering similar DMRS puncturing was already adopted in TDD special subframe configuration 9. It can be thus justified if degree of performance degradation from DMRS puncturing is under the acceptable range by proper implementation and scheduling. In addition, it would provide least Rel-12 UE implementation complexity and keep same reliability of channel measurement as Rel-8 by reusing same cell search and measurement blocks. So, we slightly prefer to adopt the DMRS puncturing for the handling of the collision between PSS/SSS and DMRS on the NCT, and the following proposal is suggested:
Proposal 1: It is slightly preferred to adapt the DMRS puncturing scheme for handling the collision problem between DMRS and PSS/SSS.
4. Conclusion
In this contribution, we discuss and analysis two alternatives with further considerations for handling of the collision issue on NCT. Finally following proposal is suggested:
Proposal 1: It is slightly preferred to adapt the DMRS puncturing scheme for handling the collision problem between DMRS and PSS/SSS.
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