Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #69
R1-122276
Prague, Czech Republic, 21th – 25th May 2012
Agenda Item:
7.2.2.3
Source: 
LG Electronics

Title: 
Discussions on synchronized new carrier type
Document for:
Discussion and decision
1 Introduction

In RAN1 #67, the following agreement was made on the additional carrier type [1].
In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver.
In RAN1 #68bis, the following is agreed that [2],
Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimisations such as non-presence of PSS/SSS etc.
Based on these previous conclusions, this contribution discusses use cases and the benefits of synchronized NCT, then presents a few design considerations of synchronized NCT.
2 Use case of synchronized NCT
By the agreed definition of synchronized carrier, a synchronized NCT is synchronized with a legacy carrier in time and frequency so that separate synchronization processing is not required by a UE for the synchronized NCT. Even though it may be up to eNodeB implementation to determine a synchronized carrier, in general, to synchronize two carriers in time and frequency, signals of two carriers would be transmitted through a single transmit chain and co-located antenna.
To examine the deployment possibility of synchronized NCT, we consider above conditions to be satisfied in carrier aggregation deployment scenarios. There are five carrier aggregation deployment scenarios identified in [3]. Among these CA scenarios, a possible carrier aggregation scenario for satisfying the above conditions is CA scenario #1 depicted in Figure 1. In CA scenario #1, two cells with different carrier frequencies F1 and F2 are co-located and overlaid, providing nearly the same coverage. In addition, F1 and F2 are of the same frequency band in this scenario. So CA scenario #1 seems to be a most relevant scenario to deploy synchronized NCT.
In fact, RAN4 work items about intra-band contiguous carrier aggregation have been progressed (e.g., for band 7, band 38, and band 41) and synchronized NCT can be deployed in these carrier aggregation scenarios. In addition to present carrier aggregation scenarios, more variable scenarios, in which synchronized NCT can be used, would be generated in future release.
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Figure 1. CA scenario #1
3 Benefit of ICIC
In synchronized NCT, PSS/SSS and tracking RS do not need to be transmitted since a synchronized NCT is synchronized with a legacy carrier in time and frequency. If PSS/SSS and tracking RS are removed from synchronized NCT, not only overhead is reduced, but also ICIC benefit can be obtained by synchronized NCT. 
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Figure 2. An example of ICIC benefit in HetNet
A HetNet scenario for introducing ICIC benefit with synchronized NCT is shown in Figure 2. In this figure, a macro cell and a pico cell use the same frequency F1. The macro cell uses F1 as a Scell and the pico cell uses it as a Pcell. UE2 received data from the macro cell and UE1 is connected to the pico cell. If the macro-cell configures the F1 SCell as synchronized NCT where PSS/SSS and tracking RS is absent, UE1 – a cell edge user of pico-cell – can have higher SINR (i.e., lower interference from macro-cell) by cooperation of frequency domain ICIC in every subframe without strong interference from PSS/SSS and tracking RS. In addition, by not scheduling PDSCH (or scheduling reduced power PDSCH) over the center 6RB by macro-cell, UE1 will be able to receive PSS/SSS from pico-cell which may not be achievable with a legacy carrier or even with unsynchronized carrier if macro-cell and pico-cell are synchronized.
Moreover, it is shown that the DL throughput increases significantly on the cell edge by operating with a CRS-free additional carrier in [4]. It means that UE1 would receive its data more successfully even though it is located in the edge. Therefore, an UE in the pico cell edge would be able to receive signal by using un-overlapped region with the macro when the macro uses a synchronized NCT.
Figure 3 illustrates another scenario that can obtain ICIC benefit with synchronized NCT. In this scenario, both of Cell A and Cell B use band F2 for Scell, and two cells are synchronized (e.g. TDD scenario). Then, PSS/SSS and CRS (or tracking RS) of Cell A and Cell B would collide successively in the overlapped cell area whether each Scell is a legacy carrier or new carrier. However, if either/both Cell A and/or Cell B is a synchronized NCT, collision of PSS/SSS and CRS (or tracking RS) can be prevented.
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Figure 3. An example of ICIC benefit in synchronized cells
4 Design considerations on synchronized NCT
4.1 PSS/SSS and tracking RS absent carrier

So far, we have demonstrated use-cases and potential ICIC benefits of synchronized NCT in Section 3 and 4. Based on these observations, we propose to allow not transmitting PSS/SSS and tracking RS in synchronized NCT as UE does not require a separate synchronization on sync carrier.
Proposal 1:  PSS/SSS and tracking RS absent synchronized NCT should be introduced.

4.2 Synchronization reference carrier

A synchronized reference carrier is a legacy carrier synchronized with a synchronized NCT in time and frequency. Then, in order to obtain synchronization information of the synchronized NCT, synchronization information of the synchronization reference carrier shall be used. To accomplish it, the synchronization reference carrier should be configured to an UE via higher-layer signaling. 
Proposal 2:  A synchronization reference carrier of a synchronized NCT can be configured by higher-layer.
4.3 RRM measurement

In current specification, UE should report RSRP/RSRQ of its serving cell to eNodeB for RRM, and these measurements are based on CRS. However, PSS/SSS and tracking RS absent synchronized NCT does not carry CRS or tracking RS. So other candidates to perform RRM measurement in synchronized NCT should be considered.
For RSRP measurement in a synchronized NCT, we can consider following alternatives.

Alternative 1:  CRS of synchronization reference carrier based RRM

· A synchronization reference carrier and a synchronized NCT would have same or similar propagation and long-term channel characteristic. So RSRP measurement of a synchronized NCT can be obtained from synchronization reference carrier. 
Alternative 2:  CSI-RS based RRM

· Since a synchronized NCT does not have tracking RS, using CSI-RS of the synchronized NCT for RSRP measurement can be another candidate.
To obtain RSRQ, RSRP and RSSI measurement should be performed. There would be a gap between the amount of interference in a synchronized NCT and in a synchronization reference carrier. So RSSI measurement on synchronized NCT itself is desirable.
Proposal 3:  RSRP measurement of a synchronized NCT can be performed by CRS of a synchronization reference carrier or CSI-RS of the synchronized NCT.
Proposal 4:  RSSI measurement of a synchronized NCT can be performed based on the synchronized NCT.
5 Conclusion
In this contribution, PSS/SSS and tracking RS absent synchronized NCT is proposed. Also this contribution discussed about benefit of synchronized NCT and several issues related to synchronized NCT. This contribution can be summarized as follows.
Proposal 1:  PSS/SSS and tracking RS absent synchronized NCT should be introduced.
Proposal 2:  A synchronization reference carrier of a synchronized NCT can be configured by higher-layer.

Proposal 3:  RSRP measurement of a synchronized NCT can be performed by CRS of a synchronization reference carrier or CSI-RS of the synchronized NCT.

Proposal 4:  RSSI measurement of a synchronized NCT can be performed based on the synchronized NCT.
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