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1. Introduction

In previous meeting, it was agreed that LTE-Advanced will support aggregation of component carriers of bandwidths up to 110 RBs in one 20M bandwidth. It will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the uplink and the downlink. There would be an issue whether a same physical cell id or different physical cell id are allocated to the aggregated component carriers.
This document discusses 
1． Some impacts brought by same or different physical cell id in carrier aggregation. And we propose some solutions to this issue, while maintaining backwards compatibility for LTE Release8 UEs.
2． How to configure PSCH sequences for LTE-A so that we could get the best trade-off among the PSCH detection performance, complexity and changes for R8 specification.
2. Discussion
Figure 1 shows an example of the UE-specific asymmetric carrier assignments for LTE-Advanced. As shown in the figure, it should be allowed that different numbers of component carriers are assigned to the downlink and uplink respectively for a LTE-A UE. (2 downlink component carriers, 1 uplink component carriers for example)
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Figure 1． UE-specific asymmetric Carrier Aggregation in downlink and uplink
In such case, each uplink component carrier may correspond to multiple downlink component carriers. And different downlink component carriers will share same uplink resource in the corresponding uplink component carrier. Considering the backwards compatibility, each downlink component carrier may transmit SCH/BCH separately for Release 8 UEs to camp on. So the allocation of physical cell ID in each downlink component carrier needs to be considered.
2.1. Same Physical Cell Id in each downlink component carrier
In order to maintain the orthogonality among the sub-carriers in large bandwidth, eNB would prefer to have a single transmit PA/RF chain. And according to the specification of Rel-8, the same physical cell id will generate same downlink RS, synchronization signals, and scrambling code in all downlink component carrier, which will increase the CM/PAPR of downlink signal especially when RS boosting is applied. This issue has been investigated in [1][2][3], and the simulation results showed that higher CM/PAPR would severely degrade the system performance, and some possible solutions to reduce the high CM/PAPR are given:
The first type of solution is to introduce some time offset among downlink component carriers so that a downlink component carrier would have a fixed delay compared with its adjacent carrier. So downlink RS among downlink carriers will choose different random codes as well as the scrambling codes, and sync signals will not be transmitted at the same time. But there is a big issue for TDD mode since it is difficult to deal with the sequential relationship of downlink/uplink in different component carriers, because the interference between two continuous adjacent component carriers which perform inverse link operation will be severe since the guard band with each other is not enough wide. It seems not an optimal solution to avoid the high CM/PAPR in L1.Or another solution is to let it be an implementation issue, for example adopting some more complex CM/PAPR reduction algorithm.
In addition, since the same physical cell id is allocated to all downlink component carriers, there would be some ambiguity for LTE Release 8 UE when performing cell reselection among different downlink component carriers because they cannot recognize cells with same physical ID but on different frequency. 

2.2. Distinct Physical cell id in each downlink component carrier
In case different cell id is applied for each downlink component carrier, the problem of higher CM/PAPR in downlink can be avoided. However, different cell id leads to different uplink DMRS, SRS and PUSCH hopping sequences on the corresponding uplink carrier according to current release 8 specifications. Compared with different cyclic shift sequences of one root sequence, the orthogonality of different root sequences is worse. So that the performances of uplink will be degraded for example uplink channel estimation, sounding and especially PUCCH whose sequence length is the shortest. Besides, uplink resources allocation will become more complicated since hopping sequence may collide with each other in case of hopping type 2.
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Figure 2. Distinct cell id in asymmetric carrier aggregation

Further we discuss some possible solutions for the problems stated above.
1) Configure the parameters by higher layers 
Through configuring the specific parameters by higher layers attentively, it can shield the adverse effects caused by different physical cell id on the uplink RS generation. 
According to current specification [4], the sequence-group number
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of uplink reference signal in slot 
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is defined as follows:
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The pseudo-random sequence 
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 is a Gold sequence, and its generator is initialized with 
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. The sequence-shift pattern
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 for PUCCH is defined as
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, and for uplink DM RS is defined as
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, where 
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is configured by higher layers. 
A. Uplink DM RS

When MU-MIMO is performed, UEs camping on the different downlink component carrier will share the same UL resources through SDM, but the uplink DM RS root index calculated through the formulation may be different. This issue can be solved by configuring the 
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 in each downlink component carrier separately by higher layers which can guarantee that each downlink carrier corresponds to a same sequence-group number
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. So there won’t be a blocking problem in uplink DM RS.
B. PUCCH RS
For reference signals in PUCCH, the orthogonality of different root sequences will be worse than the uplink DM RS, since the length of the PUCCH reference signal is only 12. One possible solution is FDM PUCCH resources by setting different offset values by higher layers. But it may waste the uplink resources since each downlink carrier needs to reserve some PUCCH resources which may increase PUCCH region in uplink carrier. 
2)  Arrange strict cell id planning and Disable some functions
In some scenarios, there is no parameter configured by higher layers in the formulation such as the scrambling sequence generator. In such case, this solution would be reasonable. 
A. PUCCH/Sounding RS

The first solution mentioned above to distinguish the UEs by allocating different PUCCH resources, which will require large PUCCH resource reservation. It is possible to disable the root index group hopping 
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 and arrange cell id planning in downlink component carriers to insure that all the downlink carriers have the same
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.This solution guarantees that the root sequence index will be the same despite the different physical cell id so that UEs can share a same PUCCH resource distinguished by cyclic shift of a root sequence. And more effectively, it is also applicable to sounding reference signal as SRS shares the root sequence index with the reference signal in PUCCH.

B. PUSCH hopping
As the scrambling sequence generator in hopping function is initialized with physical cell id in case of PUSCH frequency hopping type2, UEs with different physical cell ids may collide with each other in uplink resource allocation, because different cell ids generate different scrambling sequence which may lead to the same resource index. A possible solution is to disable the type2 hopping or allocate specific hopping region for UEs separately in order to avoid the collision.
Further, in case of distinct cell id configuration, cell id selection for those LTE-A users which receive on multiple downlink component carriers needs to be considered. One simple solution is to choose the cell id of the first downlink component carrier. Cell id extension or new id indicator for LTE-A could be further investigated.
Each of the solutions referred above can be effective in the specific scenarios but restrict the system flexibility such as hopping function disabled, the resource allocation region restricted, and carefully cell id planning needed. A possible unified solution is to explicitly indicate (e.g. 9bits just like the number of bits for cell id) the uplink component carrier id used for RS sequence and hopping function generation, etc, instead of bounding it with physical cell id as in current specification. In this way, some reasonable modifications to the LTE Rel-8 specification are needed.
2.3. PSCH configurations for LTE-A
1． For these carriers which only support LTE-Advanced users, new special PSCH sequence could be used so that users in R8 could not detect these sequences.
2． For these carriers which could support LTE and LTE-Advanced users:
a) One way is that PSCH in R8 is reused, and for this situation corresponding problems and resolution methods are in section 2.2.
b) The other way is that PSCH in R8 are configured at every component carriers supporting R8, and at the same time new PSCH only for LTE-Advanced are transmitted. These PSCH sequences adopt special new Zadoff-Chu root sequences. LTE-A PSCH could be transmitted at every component carriers, or only at main carrier. Thus every component carriers could have the same or different cell ID in R8. LTE-A users could use the same cell ID in LTE-A, and these problems in section 2.2 would not exist any more.
3. Summary
In this document, we discussed the effects of the physical cell id allocation in aggregation. For the same cell id allocation, the problem of downlink signal with higher CM/PAPR can not be ignored. For distinct cell id allocation, the uplink reference signals would suffer the worse orthogonality compared to the current specification and we discussed some solutions to resolve the problem and a unified solution was proposed, i.e. explicitly indicate (e.g.9bits) the uplink component carrier id used for RS sequence and hopping function generation etc, instead of 
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in the current specification.
For PSCH in LTE-A configuration, we propose to introduce new root sequences indices for LTE-A system. These methods for configuration PSCH in LTE-A is FFS and of course, these methods for designing PSCH sequences in LTE-A could be optimized so that the best PSCH detection performance could be obtained.
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