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1. Introduction
Nokia Siemens Networks has provided a technical contribution [12] regarding the BS demodulation requirements to RAN4#54, however, due to lack of meeting time it was not presented. This document presents updated discussion on the BS demodulation issues related to the CA WI, considering agreements of RAN1#60 and RAN#47 meetings.

BS demodulation related technical issues which were already agreed within RAN WGs were captured in text proposals to CA BS TR in other Nokia Siemens Networks contributions [13] – [17].
2. Discussion

In this section we take a look on the foreseen changes to the BS demodulation performance requirements, related to issues which were not yet decided by RAN WGs. 

2.1 Rel10 band combinations for CA
Based on the already taken agreements, it can be concluded that frequency cluster of up to 40MHz shall be considered for Rel-10 discussions on PUSCH allocation (for FDD mode), i.e. carrier aggregation scenarios with up to 2 carriers of 20MHz were selected as the highest configuration for Rel-10. Nevertheless, the following discussion is assuming that up to 5 CC are allowed in CA, in order to consider future extensions of the CA functionality in further releases. Moreover, RAN47 agreed that only intra-band UL resource allocation scenarios will be considered in Rel-10, what was addressed in the following sections.
Furthermore, as it will be possible to configure UE to aggregate different number of component carriers of possibly different bandwidths in the UL and the DL in FDD mode [7], UL analysis might be performance without consideration of DL resources consideration. 
Based on above mentioned findings, more detailed analysis is presented below. 

2.2 UL resource allocation

In this section, we discuss new UL resource allocation schemes being considered for UL CA. 
2.2.1
Clustered RB mapping
According to CA SI report [7], both frequency-contiguous and frequency-non-contiguous resource allocation will be supported on each component carrier. This allows clustered RB mapping within a component carrier on Rel‑10 PUSCH. Currently, RAN1 is still discussing number of details related to this RA scheme that need to be taken into account when selecting proper resource allocation signalling strategy for clustered RB mapping:

· number of supported clusters and possible limitations
· cluster size(s)
· performance aspects

· scheduling flexibility
· signalling design
· RAN4 input

Clustered RB allocation creates high flexibility of resource allocation and allows great number of combinations to be considered. From RAN4 point of view, performance verification shall be based on corner case scenarios in order to allow reliable functionality testing with acceptable amount of tests, where worst case scenarios seems to be one of the most attractive ones. More detailed analysis is currently not possible due to lack of RA details related to the clustered RB mapping (e.g. number of allowed clusters within CC, size / separation between clusters). 
Nonetheless, it is seen, that benefits coming from the discussed RA strategy can be achieved with relatively small number of clusters, already. According to [11], majority of the capacity gain of clustered RB allocation can be achieved with two clusters already (refer to Figure 1). Unlimited number of clusters provides less that 1% increase in average cell throughput when compared with two-cluster case. From the coverage point of view, it is noted that three clusters provides almost the maximum gain achievable. On the other hand, the cell edge performance improves only 1.4% when going from two to three clusters.

It shall be kept in mind that higher flexibility of the clustered RB allocation comes with the increased signalling overhead. In the light of system level results including realistic modelling for channel/sounding estimation performance there is no performance reason to have unlimited number of clusters. The main reason behind this is the trade-off between (channel/sounding) estimation accuracy and frequency-domain scheduling gain. 
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Figure1: Capacity/coverage gain of clustered RB allocation compared to localized RB allocation (Rel-8) [11]
Above mentioned analysis was based on the 2PRB clusters allocation. We would like to point out that the cluster-size of 1PRB is not feasible in the context of clustered RB allocation, due to the fact that estimation accuracy is limiting the performance too much. Therefore we propose that cluster size of 1PRB is ruled out in the RA discussions related to clustered RB mapping. Additionally, considering different channel bandwidths, it might be seen reasonable to make clusters size dependent on the channel BW it relates to. 
Further flexibility in clustered resource allocation is provided by multiple CCs being available. Therefore, it is seen that clustered RB mapping will be possible on each of the UL CCs.

2.2.2

Simultaneous PUSCH and PUCCH transmission
According to CA TR [7], simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms:

-
Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel8

-
Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
Currently, PUSCH performance is verified in different propagation conditions for single RB and full RB allocations [2], defined for different modulation and coding schemes. PUSCH performance testing is defined for 38 test points multiplied by 6 existing Rel-8 channel BWs leading to total number of 228 performance requirements. Thanks to such large number of testing points, especially full RB PUSCH allocation scenario is verified very well. Nevertheless, none of the mentioned tests could be reused in case of simultaneous PUSCH and PUCCH transmission due to modified resource allocation in UL: introduction of simultaneous PUSCH+PUCCH would mean that PUSCH resources are to be reduced on both channel edges due to PUCCH allocation, as presented in example below. 
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Figure2: Full RB PUSCH (Rel-8) vs. simultaneous PUSCH + PUCCH frequency resources (example for BWChannel=5MHz; PUCCH resources allocation may vary)

The above presented PUSCH resource limitation issue would be mostly visible in case of carriers with small channel BWs, where small number of RB’s available for PUSCH would be additionally reduced by control signalling (even in case of possible partial reuse of PUCCH allocated resources for PUSCH purposes).

Furthermore, all 18 FRCs already defined for full RB allocation (3 MCS x 6 channel BWs) would requite re-definition for discussed transmission mode in order to support simultaneous PUSCH+PUCCH testing, due to the modified frequency resources availability for PUSCH. It’s also worth to note, that single RB allocation test case defined in Rel‑8, is not seen as beneficial from the clustered RB mapping point of view, therefore it’s re-use from Rel-8 is not considered.
Based on the above mentioned findings, introduction of possible PUSCH and PUCCH simultaneous transmit scheme would have major impact on the RAN4 BS demodulation performance specification. It’s suggested to revisit benefits seen by possible simultaneous PUSCH and PUCCH transmission, before triggering implementation of this feature into BS demodulation performance RAN4 specifications. 
On the other hand, it shall be highlighted that CA WI can be introduced with minimal impact on existing specifications if current PUSCH requirements for full RB allocation (i.e. w/o PUCCH simultaneous transmission) would be applied, in spite of the decision of not introducing extension carrier, nor carrier segment in Rel-10 CA. Appropriate text proposals for such approach can be found in [13]-[17]. Additionally, no new FRC’s would be needed for full RB allocation cases. 
Proposed solution would be transparent for further extensions of the CA functionality in future releases.

2.2.3
PUCCH resources allocation
LTE-A extends PUCCH capabilities introducing supports of up to five DL component carriers on one PUCCH [5]. 
During last RAN1 meeting, it was decided that PUCCH transmission of A/N for CA purposes will be possible only within single, UE-specific UL component carrier. It means that PUCCH resources for HARQ-ACK purposes will be assigned on one UL Rel‑8 compatible CC and they will be able to serve more than one DL CC. 
Furthermore, in case of CCs of different UL bandwidths, it might be beneficial to schedule control transmission on the CC with the highest channel bandwidth, due to possibility of better frequency diversity reuse for PUCCH. This would enhance control channel coverage comparing to the narrower channel BWs.

It is still under RAN1 discussion, whether PUCCH feedback resources within one CC will be assigned independently for each DL carrier, or common resource pool would be maintained for all DL carriers.
Common pool of PUCCH resources is seen as more beneficial due to the fact, that statistical multiplexing gain can be achieved in such scenario, comparing to the second solution, where each DL carrier has its own physical resources allocated for UL feedback (e.g. separate RB per each DL CC). Following this reasoning, also PUSCH resources availability would be enhanced by using common pool PUCCH resources.
Moreover, as spectral efficiency in UL shall be considered as important measure of the LTE-A, comparison of the UL signalling overhead of single vs. multiple individual PUCCHs might provide further arguments for optimal UL control signalling transmit configuration. 
3. Conclusion

We propose to take above mentioned BS aspects into account during CA WI related discussions in RAN4. 
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