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1. Introduction

Rel-11 considers crowded macro cell deployment where multiple low power RRHs share the same PCI with the eNB as one of the possible CoMP network deployments. In CoMP scenario 4, PDSCH achieves multiple transmission points combining gain or spectrum reuse capacity gain. To support the increased PDSCH capacity we need to increase the control channel capacity, and UE specific RS based control channel is accepted as Rel-11 working item. For the uplink CoMP, most scenarios and the network deployments defined for downlink CoMP would be considered, and at downlink CoMP scenario 4, capacity/throughput gain for PUSCH would be defined by the similar schemes used for PDSCH. To supported enhanced PUSCH capacity in CoMP scenario 4, heavier N/Ack reporting via PHICH should be supported, and we need to confirm whether the current definition and management of PHICH resource would be efficient enough to support the enhanced PUSCH transmission. If the current definition of PHICH resource is not sufficient or the resource allocation scheme is not efficient enough, we would need to increase the amount of PHICH resource, or we need to design better PHICH resource management scheme to avoid the PHICH resource collision. 
2. Rel-11 Uplink CoMP scenarios and the PHICH related issue
In Rel-10, where the PUSCH traffic would not be crowded as Rel-11 heterogeneous network, the amount of total PHICH resource is defined by high layer signaling, and the resource allocation for each N/Ack reporting is determined by implicit signaling. In Rel-10, the separation of uplink PUSCH is done by frequency division and/or spatial division. To support spatial division, orthogonal DM RS should be mapped to each PUSCH region, and the orthogonality of these DM RS is satisfied by the using of different CS or the orthogonal cover sequence. In Rel-10, considering the amount of simultaneous PUSCH transmission and the PHICH capacity, the parameters used for PUSCH separation, DM RS CS indicator and PUSCH band, are used for PHICH resource allocation. During the period of previous release, it has been noticed that the same PHICH resource could be indicated by different CS indicator and PUSCH band, but we agreed that the PHICH resource collision could be avoided by eNB scheduling. However, not to impose severe scheduling restriction, larger PHICH resource than the HARQ N/Ack payload would be defined in either FDD or TDD system.

In Rel-11 macro cell where multiple transmission/reception points share the same physical cell ID, more UEs would be scheduled to send PUSCH at the same time slot than in Rel-10 macro cell, and more PHICH resource would be used for the N/Ack reporting. Figure 1 shows the process of simultaneous uplink grants transmission at CoMP scenario 4, the related PUSCH transmission via JR/CS, and responding N/Ack reporting via PHICH. To send heavier uplink/downlink grants than Rel-10 PDCCH capacity could support, E-PDCCH would be used together with PDCCH (figure 1.a), and the corresponding PUSCH transmission would be performed via spatial division (different reception points) or joint reception. If eNB supports uplink CS/CB, some of the UE have an uplink connection to RRH would be scheduled to use low transmission power not to impose uplink interference to the other UE getting a connection to different RRH or eNB, and it would greatly increase uplink spectral efficiency and capacity (figure 1.b). After receiving PUSCH, eNB would send N/Ack via PHICH. In Rel-10, PHICH is a wideband channel, and UE need to detect CRS and PHICH via the same physical channel to decode PHICH. If Rel-10 structure of PHICH is implied to Rel-11 CoMP scenario 4 (figure 1.c), PHICH should be casted from eNB, and it would cause severe scheduling restriction since PHICH resource management requires scheduling solution to avoid PHICH resource collision. 
Flexible scheduling would be one of the essential baselines to achieve remarkable performance gain by CoMP, and not to impose severe restriction on uplink scheduling, we need to increase PHICH resource, or we need to modify the current PHICH resource or the resource allocation scheme. We may have some alternatives as 
· Alt 1. Increase PHICH resource by defining UE specific RS based PHICH
· Alt 2. Design dedicated PHICH resource allocation scheme.

Since the increase of PHICH resource in the current specification would reduce the capacity of PDCCH, not to cause capacity reduction at PDCCH, if we want to increase the total amount of PHICH resource, we would need to make the new PHICH to be decoded according to the UE specific RS. However, defining of new PHICH resource would require heavy specification work (alternative 1), and we would better to focus on alternative 2, if the total amount of PHICH resource supported in the current specification is large enough. In the current specification, the total amount of PHICH resource is defined by equation (1), and at the equation (1), high layer signaled parameter 
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 (5MHz), 64 distinguishable PHICH resource would be defined, and we expect that 64 N/Ack reporting resource is enough to support Rel-11 PUSCH transmission even for CoMP scenario 4. Thus, we propose that alternative 2 would be a baseline for the further study.
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3. PUSCH spectral efficiency enhancement by dedicated PHICH resource allocation 
In case we accept alternative 2, if we define new PHICH resource allocation scheme for the Rel-11 UEs, it would not cause legacy UE impact and we would possibly minimize the specification impact. In Rel-11 macro cell, PUSCH transmission is triggered either by the uplink grant on PDCCH or by the uplink grant on E-PDCCH. In the current specification, definition and the management of PHICH resource is well designed to be able to support uplink HARQ transmission triggered by PDCCH, and the modification of PHICH resource management scheme would be required only for the responding PHICH to PUSCH triggered by E-PDCCH. Table 1 shows the performance gain can be achieved by E-PDCCH based dedicated PHICH resource allocation where the exact PHICH resource for each N/Ack can be indicated on E-PDCCH. According to the evaluation results, compared with the current PHICH resource allocation scheme with 
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 or 2, about 5~9% of cell average spectral efficiency can be increased. However, the dedicated PHICH resource allocation would require larger E-PDCCH payload, and to avoid the payload increase, we would need further discussion. 
Table 1. Spectral efficiency of uplink CoMP with CS
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Figure 1. Uplink grant, PUSCH and PHICH transmission in CoMP scenario 4.

Figure 1.a) Uplink grant transmission via PDCCH and/or E-PDCCH
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Figure 1.b) PUSCH transmission and reception by joint JR or CS
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Figure 1.c) Rel-10 type PHICH transmission for PUSCH N/Ack reporting
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4. Conclusion 
In this contribution, we discuss the payload enhacement induced by uplink CoMP, and we discuss the necesity of PHICH resouce allocation scheme. Though the distinguishable PHICH resouce defined in current specification is enought to support the heavy PUSCH transmission, due to the lack of dedicated resouce management scheme, PHICH resouce allocation would cause non-negligable schedulig restriction and it would decrease uplink CoMP performance gain. To avoid the degradation of UL CoMP performance, we would need to design E-PDCCH based PHICH resouce allocation scheme.
References

[1] RP-111365, “New WI: Coordinated Multi-Point Operation for LTE”
[2] R1-112882. “3GPP TR 36.819,” V1.2.0(2011-09)
Annex. Simulation assumptions

[image: image11.emf]Cell and Rx point configuration 1 eNB and 4 RRHs

Antenna configuration

Linear 4 Rx at eNB

Linear 2 Rx at RRH

Single Tx antenna at UE

Channel model SCM urban Micro / Macro

UE drop 4 clusters drop (10 UEs per cluster) +10 UE uniform drop

Channel model SCM urban Micro / Macro

Traffic model Full buffer model

UE power control All UE Tx power is 10dBm

Scheduling PF

UE mobility 3km/h

E-PDCCH transmission Only for the UE acquiring DL from RRH
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