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1. Introduction

In RAN1#74, uplink CoMP related issues with non-ideal backhaul are considered in order to efficiently support downlink CoMP [1] as well as uplink joint reception [2]. In this contribution, we further discuss uplink CoMP supports with non-ideal backhaul in terms of joint reception and semi-static point switching.
2. Uplink CoMP with non-ideal backhaul
2.1. Joint reception
Simulation results for the uplink CoMP performance with non-ideal backhaul (NIB) are provided in [2] for both homogeneous and heterogeneous deployments, where the joint reception (JR) CoMP shows high system performance in both deployment scenarios. An illustration of JR-based PUSCH transmission is shown in Figure 1, where the CoMP UE transmits PUSCH scheduled by its serving eNB1 and at the same time eNB2 overhears this PUSCH as the uplink JR CoMP.
For this JR operation, eNB2 should primarily have PUSCH-related parameters configured by RRC to the UE such as PUSCH DMRS scrambling and cyclic shift hoping initialization parameters, and so on. In addition, the UL grant message transmitted from eNB1 should also be primarily given to eNB2 via NIB so that the eNB2 can recognize the JR-based PUSCH transmission from the UE. This may result in a scheduling restriction such that the scheduling decision should be made much prior to the UL grant transmission time instance, in proportion to the NIB delay.
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Figure 1. Illustration of JR-based PUSCH transmission.

For JR-based combining at the eNB side to enhance the PUSCH reception quality, the non-serving eNB2 should be capable of sending back to eNB1 over NIB some information of PUSCH reception result. For example, a kind of soft decoding bits or demodulated symbol information can be directly conveyed from eNB2 to eNB1 for JR combining, but these soft combining approaches seem not so plausible considering the amount of conveyed information via NIB. Instead, a kind of hard-decision information with CRC check result seems desired to be conveyed from eNB2 to eNB1. Relevant inter-eNB signaling supports need to be further studied in order to keep the visible performance benefits from Rel-11 uplink CoMP operations.
2.2. Semi-static point switching
One of main achievements for Rel-11 uplink CoMP features is the support of semi-static PUSCH DMRS switching by RRC signaling to a CoMP UE, as illustrated in Figure 2. This semi-static point switching (SSPS) of PUSCH-targeting reception point provides a lot of flexibility in PUSCH DMRS configuration for CoMP UEs associated to an eNB within a CoMP area, and also provides cell-edge UE’s uplink performance enhancements without a hand-over for uplink. One of main different aspects compared to Figure 1 of JR-CoMP is that the eNB2 (as the SSPS-based PUSCH-targeting point in this example figure) is desired to be capable of transmitting the UL grant directly to the CoMP UE by EPDCCH, in order not to have any scheduling restrictions owing to the NIB delay at the eNB2 side, compared with such inevitable scheduling restriction in case of JR-CoMP mentioned in the previous subsection.

In Rel-11 CoMP with ideal backhaul assumptions, there was no issue related to how ACK/NACK messages from an eNB can be provided back to the CoMP UE in response of the UE’s PUSCH transmission, since it is regarded that the serving eNB can always send back such messages by PHICH to the UE due to the ideal backhaul assumption even though PUSCH-targeting reception point was not the serving eNB. Taking the NIB situation into account, however, the serving eNB seems very unlikely to be ready to send PHICH ACK/NACK in time, in case when the serving eNB is not the reception point by such uplink SSPS operation. Solutions to resolve this issue need to be investigated in order to properly maintain the Rel-11 functionality of semi-static PUSCH DMRS switching under the NIB environment as well.
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Figure 2. Illustration of SSPS-based PUSCH transmission.

2.3. Supporting DL semi-static point selection and muting (SSPS/M)
For efficiently supporting DL SSPS/M in [3], CoMP UEs’ CSI feedback should be able to be directly received to non-serving eNB(s) participating in the SSPS/M operation, since relaying the CSI of CoMP UE to cooperating eNB(s) causes the NIB delay which results in the performance degradation. To this end, candidate CoMP UEs’ EPDCCH set/PQI, DL/UL DMRS, power control, and periodic/aperiodic CSI feedback related configurations, which are already configured by RRC signaling by the serving eNB, need to be primarily given to the non-serving eNB(s) by inter-eNB signaling. 

Provided that such RRC information is also available at non-serving eNB2, the eNB2 can overhear the CoMP UE’s periodic CSI feedback so that the latest CSI can be utilized at eNB2 for direct DL scheduling to the UE by EPDCCH. In addition, such non-serving eNB2 can directly trigger an aperiodic CSI report by UL grant transmitted on EPDCCH as well, so that eNB2 can have an instantaneous CSI when necessary. Acknowledgement from the UE in response of such SSPS-based PDSCH transmission from non-serving eNB2 can also be directly given to the eNB2 since the relevant DL grant is received to the UE via EPDCCH and the corresponding PUCCH ACK/NACK resource is determined according to the EPDCCH DCI.
Further considerations on potential RAN1 spec enhancements can be desired to be investigated with respect to such SSPS/M operation with NIB. For example, UL reception optimization at non-serving eNBs can be further studied in order to obtain better performance.
3. Conclusion
In this contribution, we discussed uplink CoMP issues with non-ideal backhaul in terms of joint reception (JR) and semi-static point switching (SSPS). In order to properly support the JR functionaly even in the non-ideal backhaul environment, it needs to be studied how non-serving eNBs’ PUSCH reception result can be conveyed by inter-eNB signaling to the serving-eNB or central control node for JR combining operations.

In addition, a problem is identified that ACK/NACK in response of CoMP UE’s SSPS-based PUSCH transmission targeting a non-serving eNB cannot be provided in time from an eNB to the UE due to the non-ideal delay, and it is suggested to further investigate solutions resolving this issue so as to properly maintain the Rel-11 functionality of semi-static PUSCH DMRS switching under the non-ideal backhaul environment as well.
To efficiently support DL SSPS/M, the CoMP UEs RRC information already configured by the serving-eNB needs to be conveyed to non-serving eNB(s). Further considerations on potential RAN1 spec enhancements can be desired to be investigated, e.g., UL reception optimization at non-serving eNBs to obtain better performance.
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