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1
Introduction
In RAN1#72, further discussion on PSS/SSS for NCT was carried out, particularly regarding the interaction between PSS/SSS and DM-RS in the center 6 RBs. It was concluded to further study different design alternatives, including studying the benefits of introducing new DM-RS patterns for NCT. In this document we share our views on DM-RS patterns for NCT in Rel-12. 
2
Discussion
In RAN1#69, three alternatives in PSS/SSS design considering collisions between PSS/SSS and DM-RS were discussed, namely:

· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

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

· 1b: change relative locations of PSS/SSS

· Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)
· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS
In RAN1#72, further discussion was carried out. In particular, Alt 3a is preferred by some companies [1], with the following two major benefits:
· No PSS/SSS change relative to legacy carrier type (LCT)

· No DM-RS pattern change relative to LCT, except a punctured DM-RS pattern 

· Note that Rel-11 also supported a similar punctured DM-RS pattern in TDD due to the introduction of the new special subframe configuration.
This alternative has minimal standardization and implementation impact. 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. 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. 

One shortcoming of Alt 3a is potential performance loss due to punctured DM-RS pattern in the center 6 RBs, especially under high mobility cases. However, it is worth noting that such loss is rather small from system perspective, especially for large bandwidths, given the following:
· 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

· The performance loss occurs primarily for high mobility UEs

· As a result, an eNB can minimize the loss by scheduling high mobility in other non-center RBs and/or non-PSS-SSS subframes. An eNB can roughly measure low mobility vs. high mobility by using, e.g., UL transmissions (e.g., SRS).

On the other hand, there was also interest to study further potential performance benefits of introducing new DM-RS patterns [2]. A set of simulation assumptions were agreed in [3]. In particular, it was agreed that:

· If it is agreed to adopt a new DMRS pattern, the other alternatives will not be considered further.
In [3], the following DM-RS pattern was agreed as a baseline for simulation purpose:
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Figure 1 Baseline DM-RS pattern for simulations for NCT in Rel-12 [3]
Additional potential DM-RS patterns for NCT were later proposed in [4]-[8]. 
Besides standardization and implementation impact to finalize and to support new DM-RS pattern(s), new DM-RS pattern(s) for NCT additionally faces the following challenges:

· Impact on CSI-RS.

· As an example, the DM-RS pattern in Figure 1 would impact CSI-RS patterns in symbols 2&3 in the second slot and potentially symbols 5&6 in the second slot. Note that it is important to ensure LCT and NCT has some common CSI-RS patterns for easy integration and operation. To that end, one could consider re-defining CSI-RS pattern by supporting CSI-RS in symbols 2&3 in the second slot in NCT similar to CSI-RS in symbols 5&6 in the second slot in LCT while by supporting CSI-RS in symbols 5&6 in the second slot in NCT similar to CSI-RS in symbols 2&3 in the second slot in LCT. The CSI-RS pattern in symbols 5&6 in the first slot in NCT can also possibly be extended due to absence of DM-RS REs in these two symbols for improved CSI-RS reuse.
· Impact on TDD special subframes
· It remains an open issue whether new DM-RS pattern(s) should be designed for special subframes in TDD. Note that the DM-RS pattern in Figure 1 would collide with PSS in special subframes in symbol 2 in the first slot.

· Impact on extended CP cases

· It remains an open issue whether new DM-RS patterns(s) should be designed for extended CP as well

· Impact on CoMP operation

· If a LCT cell and a NCT cell are part of CoMP operation for a UE, the UE has to be indicated different DM-RS patterns offered by LCT and NCT

· Impact on EPDCCH design

· Current EPDCCH design assumes legacy DM-RS pattern. If new DM-RS pattern is introduced for NCT, there may be potential impact on EPDCCH design, especially if the number of DM-RS REs is not equal to 24.

· Subframe dependency

· It is also worth discussion on whether subframe dependent new DM-RS pattern for NCT should be applied. In particular, for TDD subframe 6 with 5ms switching periodicity configurations, the DM-RS pattern in Figure 1 would collide with PSS in the center 6 RBs.
· Interaction with PRB bundling

· Ideally, an “optimal” DM-RS pattern should also take into account PRB bundling. In other words, instead of designing DM-RS pattern from one PRB pair perspective, DM-RS pattern over multiple PRB pairs (e.g., 2 or 3 PRB pairs as of the PRG size) could also be considered.
· Interaction with other features

· There may be some interaction with other features worth careful study, e.g., with 256QAM study, advanced MIMO study, etc.

Therefore, unless significant benefits can be identified for new DM-RS pattern(s) for NCT, it is preferable to keep Rel-10 DM-RS patterns. For the case when PSS/SSS and DM-RS collide in the center 6 RBs in every 5ms, Alt 3a can be adopted. On the other hand, regardless of DM-RS pattern(s) for NCT, Rel-8 PSS/SSS locations should be kept, necessary to facilitate integration between LCT and NCT.
3
Conclusions 

In this document, we discussed DM-RS patterns for NCT. 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. In additional, new DM-RS pattern(s) for NCT may face many design challenges besides specification and implementation impact. As a result, we propose:

· The same Rel-8 frequency and time location of PSS/SSS should be used for the new carrier type. 
· Unless significant benefits can be identified for new DM-RS pattern(s) for NCT, it is preferable to keep Rel-10 DM-RS patterns.
· For the case when PSS/SSS and DM-RS collide in the center 6 RBs in every 5ms, punctured DM-RS pattern can be adopted.
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