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1. Introduction

LTE-Advanced shall support aggregation of component carriers to provide wider bandwidth. Hence, it is possible to configure UEs to aggregate different numbers of component carriers in uplink and downlink. One related question is whether a common physical cell ID or different physical cell IDs are allocated to the multiple component carriers. In this contribution, we analyze the impacts of having common or different physical cell IDs. Our preference is that a common physical cell ID shall be applied in carrier aggregated systems in LTE-A.
2. Discussion
Figure 1 shows an example of asymmetric carrier aggregation for downlink and uplink in LTE-Advanced, where two component carriers are aggregated in downlink and one component carrier exists in uplink.
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Figure 1: Asymmetric Carrier Aggregation in downlink and uplink
In such asymmetric cases, each uplink component carrier may correspond to multiple downlink component carriers. Considering backward compatibility, each downlink component carrier may transmit SCH/BCH separately for Rel-8 UEs to camp on. Hence, allocation of physical cell ID in each downlink component carrier needs to be considered.
2.1. Impacts of common physical cell ID
For contiguous carrier aggregation, eNB implementation is allowed to have a single transmit RF chain. According to Rel-8 specification, a common physical cell ID leads to same downlink CRS, synchronization signals, and scrambling codes in all downlink component carriers, which can increase the CM/PAPR of downlink signals, especially when RS is power boosted. This issue has been discussed in [1] – [4], with a few solutions proposed to reduce the high CM/PAPR, including:
a) Applying different time offsets among component carriers
b) Applying different cyclic time shifts among component carriers

c) Applying different phase offset among component carriers

The first solution does not apply for TDD, since the frame timing of different component carriers are not aligned, which can lead to severe interference in downlink and uplink among different component carriers. The other two solutions, as eNB implementation choices, can effectively reduce CM/PAPR.
2.2. Impacts of different physical cell IDs
The CM/PAPR of multi-carrier transmission can also be mitigated by applying different physical cell IDs on different downlink component carriers. However, different physical cell IDs result in different uplink DMRS, SRS sequences, and different PUSCH hopping patterns on the corresponding uplink component carriers, according to Rel-8 specifications. Uplink performance, e.g. channel estimation and channel sounding, will be degraded severely because signal orthogonality is lost with different root sequences. In addition, PUCCH detection performance will be impacted the most, due to its shortest sequence length. Furthermore, uplink resources allocation will become more complicated since hopping sequence may collide with each other in case of Type-2 PUSCH hopping.
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Figure 2: Different cell IDs in asymmetric carrier aggregation

In case of different physical cell IDs on different downlink component carriers, the system may need to broadcast the physical cell IDs for the aggregated component carriers. Otherwise, a UE needs to perform cell search procedure to acquire the physical cell ID on a specific component carrier before it can transmit/receive on it. This requirement is not necessary if a common physical ID is used for all carriers.
3. Summary
In this contribution, we discuss assignment of physical cell IDs for carrier aggregated systems in LTE-A. With a common physical cell ID, there might be an issue of high CM/PAPR. On the other hand, it is noticed that applying different physical cell IDs on different component carriers can lead to performance degradation or significant specification changes. Considering that the high CM/PAPR issue can be reasonably resolved, our preference is that a common physical cell ID shall be applied for carrier aggregation in LTE-A.
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