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1. Introduction

According to the approval of the carrier aggregation (CA) work item (WI) [1], a design for new carrier types (NCTs) was intensively discussed in the Rel-11 timeframe. As a consequence, a NCT was not specified in Rel-11 and a new Rel-12 WI was approved toward the specification of NCTs [2]. In [2], the following guidelines are given regarding the work in the first phase. 
· In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier. 
· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type
· ...
Note that the work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item. 

As indicated above, the first design for the NCTs is to be initiated based on the agreements and working assumptions reached for the Rel-11 WI. In previous RAN1 meetings, the design for the downlink reference signal (DL RS) was separately optimized for synchronized carrier and unsynchronized carrier scenarios. Accordingly, details regarding a cell-specific RS (CRS) for an unsynchronized carrier were agreed upon, i.e., 1 antenna port CRS with a periodicity of 5 ms. At the RAN1 #69 meeting, an issue concerning resource collision between the primary/secondary synchronization signal (PSS/SSS) and the demodulation RS (DM-RS) was discussed, and the following was agreed upon.
Agreement: 
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a) 

Study until RAN1#70 Alternatives 1 and 3 

· Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns. 
· 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 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 
Accordingly, the above issue and solutions regarding collisions between the PSS/SSS and DM-RS are to be discussed in the first phase of the NCT WI. In this contribution, we investigate the impact of the above alternatives on CA scenario as well as future operation scenarios deploying the NCT.
2. CA Scenarios for NCT
The CA deployment scenarios are summarized in [3] and are given in Table I. Apparently, CA scenario #4 should be discussed in the second phase involving small-cell related work. Therefore, we focus on CA scenarios #1-#3. The general motivation behind supporting the NCT for these CA scenarios is to improve the spectrum efficiency by reducing the signal overhead. In addition, flexible bandwidth utilization is enabled mainly in CA scenario #1 when a bandwidth other than that defined in Rels-8-11 LTE is available to operators. These advantages are fully achieved in CA scenario #1 by not transmitting any DL RS. The DL RSs are removed with less specification effort in RAN1 although defining a new bandwidth will add to the RAN4 workload. On the other hand, the DL RS must be transmitted in CA scenarios #2 and #3, and thus, this raises issues including resource collisions between the PSS/SSS and DM-RS. We further discuss below the advantages and disadvantages of the solutions to this issue.
Table I – CA Scenarios.
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3. Collision Handling Between PSS/SSS and DM-RS

In order to handle resource collisions between the PSS/SSS and DM-RS, the following solutions were identified in Rel-11. The advantages and disadvantages of each alternative are also given below. Figure 1 shows the DL RS structures for each alternative.
Alt. 1: Avoid collisions between the PSS/SSS and DM-RS by moving the PSS/SSS
· 1a: keeping Rel-8 relative locations of PSS/SSS [4], [5] 
· Pros: 

· The Rel-8 cell searcher using the PSS/SSS can be reused.

· Cons:

· The Rel-12 UE does not identify the time-location of the CRS compared to the PSS/SSS if the UE does not know the carrier type, i.e., legacy carrier and NCT. This is because the time-domain distance between PSS/SSS and CRS is different for the legacy carrier and NCT. We note that the UE can identify the carrier type if the NCT is used in the context of CA and the carrier type is provided in advance through higher layer signaling from the primary legacy carrier. 
· If this alternative is extended to the future stand-alone NCT to be discussed in the second phase, it may not be clear how the UE will obtain the system information including the carrier type in performing the initial cell selection, e.g., after it is switched on. One option may be to attempt decoding the P-BCH for both the legacy carrier and NCT, but this will impact the UE power consumption and should be carefully studied. 
· 1b: change relative locations of PSS/SSS [6], [7]
· Pros:
· The Rel-12 UE can identify the carrier type, i.e., legacy carrier or NCT, since the relative locations of the PSS and SSS are different for the legacy carrier and NCT.
· Cons:

· Two types of cell searchers are required to detect the PSS/SSS for the legacy carrier and NCT.

· If this alternative is extended to the future stand-alone NCT, the Rel-12 UE will perform different cell selection procedures for the legacy carrier and NCT. Namely, specifying such a NCT is almost equivalent to introducing a new radio access technology (RAT). Introduction of a new RAT should be carefully investigated considering the system-level gains.
Alt. 2: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 2a: Puncture DM-RS [8]
· Pros:

· There is no impact on the synchronization/tracking performance 

· Cons:

· Demodulation performance is degraded due to a lack of a DM-RS.

· If this alternative is extended to the future stand-alone NCT to be discussed in the second phase, it is not clear how the UE performing the cell selection will obtain the system information including the carrier type. 

As observed above (especially the underlined parts), the advantages and disadvantages of each alternative will depend on whether or not the near future stand-alone NCT is taken into consideration.
Observation: Discussions on handling collisions between the PSS/ SSS and NCT will depend on the UE cell selection behavior for the near-future stand-alone NCT.
For stand-alone operations, we believe that the cell selection behavior is quite important and careful consideration is required from a system design point of view. Therefore, we propose to evaluate first the potential gains from the near-future stand-alone NCT operations before discussing collision handling between the PSS/SSS and DM-RS in WI Phase 1. If the gain from stand-alone NCT is shown, RAN1 should resolve collision issue between the PSS/SSS and DM-RS considering near-future stand-alone NCT operation.
Proposal: First evaluate the potential gains from the near-future stand-alone NCT operations before discussing handling collisions between the PSS/SSS and DM-RS in WI Phase 1. 
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Figure 1 – DL RS structure for NCT.
4. Conclusion

In the first phase of the NCT work item, the NCTs are to be designed based on the agreements in Rel-11. In Rel-11, an issue regarding resource collision between the PSS/SSS and DM-RS was identified, and thus solutions to the issue were discussed, i.e., moving the PSS/SSS locations (Alt. 1) and puncturing the DM-RS (Alt. 2). In this contribution, we investigated the impact of these solutions on the CA scenarios and the stand alone operation scenario. We pointed out that different solutions may impact cell selection procedures in the stand-alone scenario. Therefore, we first propose the following.
Observation: Discussions on handling collisions between the PSS/ SSS and NCT would depend on UE cell selection behaviors in the near-future stand-alone NCT.
Proposal: First evaluate the potential gains from the near-future stand-alone NCT operations before discussing handling collisions between the PSS/SSS and DM-RS in WI Phase 1. 
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