3GPP TSG-RAN WG4#54

















        
R4-100421
San Francisco, CA, USA, February 22 - 26, 2010
Source: 
Nokia Siemens Networks
Title: 

BS demodulation performance requirements analysis wrt. CA WI introduction
Agenda Item:
8.10.1
Document for:
Discussion
1. Introduction
A new WI for “Carrier Aggregation for LTE” was agreed in RAN #46 [1]. Contribution in [9] provided an initial overview of the expected changes to TS 36.104 [2] due to CA WI introduction. This contribution extends the discussion considering further RAN1 and RAN4 CA related agreements into account and focusing on BS demodulation performance requirements. 
2. Discussion

In this section we take a look on the foreseen changes to the BS demodulation performance requirements, how those requirements would be affected and how should be modified. 

2.1 Rel10 band combinations for CA
Based on [10] the following band combinations were selected for Rel0 scope of CA WI:  

Intra-band Contiguous CA

· FDD: UL: 40 MHz, DL: 40 MHz in Band 3 (1800 MHz)

· TDD: UL/DL: 50 MHz in Band 40 (2300 MHz)

Inter-band Non-contiguous CA

· Region 1

· 40 MHz UL/DL: 20 MHz CC (Band 7) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz CC (Band 3) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz (Band 7) + 20 MHz CC (Band 3)

· Region 2

· 20MHz UL/DL: 10 MHz CC (Band 5) + 10 MHz CC (Band 12), FDD
· 10MHz UL/DL:5MHz CC (Band 17) + 5MHz CC (Band 4), FDD 
· TBD
· Region 3

· 20 MHz UL/DL: 10 MHz CC (Band 1) + 10 MHz CC (Band 18/19)

· 40MHz UL/DL: 20 MHz CC (Band 38) + 20 MHz CC (Band 40)
Intra-band Non-contiguous CA

· FDD: None

· TDD: None

Despite of some possible modifications of the above listed band combinations, it can be already concluded that frequency cluster of up to 40MHz shall be considered for Rel10 discussions on PUSCH allocation (in FDD mode). Looking at the prioritized list of band combinations above it is seen, that carrier aggregation scenarios with 2 CC were selected. 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. Furthermore, the aim of BS demodulation requirements for LTE-A and CA in principle, shall be taken at making them scenario independent, i.e. both single band and multi-band cases shall be considered as valid in this discussion.

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 BS demodulation performance requirements

With introduction of carrier aggregation in LTE-Advanced, Rel8 BS demodulation performance requirements can be re‑used to certain extent, provided the Rel-8 E-UTRA transmission bandwidth configurations are maintained. In the following analysis we assume Rel8/9 channel and transmission bandwidth configurations as currently defined in 36.104, Clause 5.6 (Channel bandwidth).

2.2.1 UL resource allocation
In this section, we discuss new UL resource allocation schemes being considered for UL CA. 
2.2.1.1 Clustered RB mapping
According to CA SI report [7], both frequency-contiguous and frequency-non-contiguous resource allocation (RA) will be supported on each component carrier. This allows clustered RB mapping within a component carrier on Rel10 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:

· RA size (DL overhead)

· UL  flexibility

· Number of clusters

· Cluster size

· Cluster placement

· UL performance (capacity & coverage) 
· Cubic metric

· Channel estimation performance

· RA signalling complexity

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 scenarios in order to allow reliable functionality testing with acceptable amount of tests, where worst case scenarios seems to 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 [12], 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. Further discussion on the possible cluster sizes is seen needed.
Furthermore, 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 due to multiple CCs being available. Therefore, it is seen that clustered RB mapping will be possible on each of the UL CCs.

It shall be kept in mind, that separate DCI formats needs to be defined in RAN1 for clustered resource allocation. Furthermore, clustered RB allocation might be deployed with other Rel10 LTE-A features, like SU MIMO and/or cross‑CC scheduling what is discussed in further sections. 
2.2.1.2 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 Rel8 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 (Rel8) 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 small CC’s and in case of  BWchannel  = 1.4MHz, number of CC RB’s available for PUSCH (even in case of possible partial reuse of PUCCH allocated resources for PUSCH purposes, in time domain).

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 Rel8 is not seen as beneficial from the clustered RB mapping point of view, therefore it’s re-use from Rel8 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 specifications. 
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 on Rel-8 compatible component carrier basis (for Clustered RB allocation refer to section 2.2.1.1). If such an approach would be agreed by RAN4 group a note in existing specification would be needed stating that PUSCH throughput requirements for a BS supporting aggregated CCs are defined as the sum of the existing single CC throughput requirements. As focus on the peak throughput of the LTE-A UL is suggested, one PUSCH SNR value for all CC’s configured for the maximum possible configuration (being currently on the list of prioritized CA scenarios) is proposed for PUSCH throughput performance test. This would mean that all CC’s are utilizing the same FRC, propagation conditions and CP. It would fit for peak throughput testing (n x BWChannel; n≦5; BWChannel: 1.4MHz - 20MHz). In this case it would be assumed, that all CC’s provide sufficiently good radio conditions and UL throughput is the sum of all UL CC throughputs for the same channel model applied to all of them. Additionally, no new FRC’s would be needed for full RB allocation case. 
Proposed solution would be transparent for further extensions of the CA functionality in future releases.

2.2.1.3 NxPUCCH transmission
LTE-A extends PUCCH capabilities introducing supports of up to five DL component carriers on one PUCCH [5]. PUCCH resources for HARQ-ACK purposes are assigned only on one UL Rel8 compatible CC and they are serving more than one DL CC. Backward compatible Rel-8 PUCCH transmit scheme is to me maintained in Rel10 at the same time. This would allow transmitting up to 5 individual PUCCHs, one per each DL CC. 
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Figure3: Comparison of per DL carrier PUCCH vs. cross-CC PUCCH resource allocation

Following discussion in chapter 2.2.1.2, allowing multiple simultaneous PUCCH transmissions on parallel CCs would restrict PUSCH capabilities at certain time instant. As other solutions are possible to be implemented for UL control transmission, it is suggested to focus on single PUCCH transmission on one UL CC with cross-CC scheduling, as discussed in the following chapter.
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. 
2.2.1.4 Cross-CC scheduling
LTE-A extends PUCCH capabilities introducing supports of up to five DL component carriers on one PUCCH [5]. PUCCH resources for HARQ-ACK purposes are assigned only on one UL Rel8 compatible CC and they are serving more than one DL CC. Following arguments presented in chapter 2.2.1.3, it is recommended not to consider simultaneous transmission of multiple PUCCH also in case of cross-CC scheduling in UL, i.e. to allow only one PUCCH for cross-CC scheduling purposes. 
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Figure4: Cross-CC scheduling and number of simultaneous PUCCH’s

Given that cross-CC scheduling was suggested as more beneficial solution comparing to nxPUCCH scenario, the following scenario can be provided as justification for such selection: in case, where UE is given DL grants with cross-CC scheduling, there is no need to reserve additional PUCCH resources from other UL CCs than the one linked with the PDCCH-carrying DL component carrier. All needed ACK/NACK resources are allocated from the PUCCH corresponding to the PDCCH-carrying 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 to reuse better frequency diversity for PUCCH. This would enhance control channel coverage comparing to the narrower channel BWs.
2.2.1.5 CA vs. UL SU-MIMO
Due to the introduction of the UL SU MIMO [12] feature for LTE-A, its functionality together with the UL carrier aggregation shall be studied as well. In addition to the possible UL throughput extension provided by CA functionality, further enhancements will be possible due to the fact of 2 and 4 UE transmit antennas introduction with UL SU-MIMO feature. 

UL SU-MIMO throughput verification can be covered by additional performance test, if agreed by RAN4. It would be suggested to define mentioned test for single UL CC and then follow the same principle of the UL throughput verification, as proposed for CA in section 2.2.1.2, i.e. to specify per-CC testing. 
2.2.2 Specification impact – further analysis
2.2.2.1 Multipath fading propagation conditions for CA
As multipath fading propagation conditions were defined as Doppler shift (5, 70 or 300 Hz) and multi-path delay profile (EPA, EVA or ETU) [2] it is seen, that in case of CA an ambiguity can arise due to the fact, that it will not be clear for which of the component carriers the UE velocity shall be calculated. In order to avoid such ambiguities, it is proposed to introduce certain clarification (similar to LTE HST propagation conditions derivation clarification) in multi-path fading propagation conditions annex in order to avoid misunderstandings in the future.

This issue seems to be applicable to all multicarrier / mutiband scenarios for different technologies, not only for LTE-A CA. Therefore it’s proposed to find optimal solution for this issue during CA discussions and then implement the same approach for all the cases, where such issue may arise. 

2.2.2.2 PRACH
PRACH test can be reused from rel8 specification. The justification is that despite of the fact that UE may be scheduled over multiple component carriers in UL, only one random access procedure shall be ongoing at any time [8]. Therefore, no new test is foreseen to be needed due to introduction of CA.
2.2.2.3 HARQ-ACK transmission
HARQ-ACK feedback is utilised in number of Rel8 BS demodulation performance tests. HARQ-ACK physical transmission scheme on PHICH will be reused in Rel10 from Rel8 [5] and no impact on the Rel8 demodulation performance tests is foreseen. PHICH will be transmitted only on the DL component carrier that was used to transmit the UL grant. 
2.2.2.4 UL power control 
Power control feature was not configured for Rel8 LTE demodulation performance tests. Therefore, following proposal to re‑use Rel8 requirements, power control agreements for UL PC in LTE-A [6] are not relevant and do not have impact on the LTE-A BS performance demodulation requirements consideration.
2.2.2.5 Timing advance
Due to the possibily of inter-band CC allocation, different TA values might be needed per CC frequency band. In case of multiple CC allcoated in one frequency band single TA values seems to be sufficient. UL timing adjustment requirement for PUSCH will require clarifications with respect to this issue. 
3. Conclusion

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