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1. Introduction

In RAN1#74, coordination assumptions for CoMP with non-ideal backhaul are intensively discussed, and the following agreement is made [1]:

	Agreement:
For each evaluated scheme, information relating to a transmission to/from a serving node in a given subframe should be categorized into two groups:

· Group 1 information: information which is considered valid for a period longer than the backhaul delay, which may therefore be provided from a different node(s) from the serving node;

· Group 2 information: information which is considered valid for a period shorter than the backhaul delay, which must therefore be derived by the serving node.

The types of information may include for example:

· CSI

· Allocated power per resource (including muting)

· UE selection 

· Precoding selection (including the number of transmit layers)

· MCS selection

· HARQ process number

· TP selection




This agreement provides a guideline for companies to describe their considered CoMP schemes and relevant evaluation assumptions so that the performance comparison and analysis between companies’ results can be fairly and efficiently done, in order to eventually narrow down the considered types of coordination signaling.

In this contribution, we further discuss inter-eNB signaling design considerations based on the above agreement according to considered semi-static CoMP schemes with non-ideal backhaul.

2. Considered CoMP schemes and grouping examples
A type of information above can also be called as a scheduled component, which means a component to be determined when a scheduling decision has made. At least the following scheduled components can be considered as outcomes by scheduling:

· Allocated power per resource (including muting)

· UE/TP selection

· Precoding selection (including the number of transmit layers)

· MCS selection

· HARQ process number
For examples, when a scheduling decision has made, UE/TP selection with allocated power per resource is determined, also with the determination of MCS, precoding, and HARQ process number for the UE. The question is 

· which scheduled components (Group2) are determined by each individual eNB (so that the latest CSI feedback from the UE can be utilized for the eNB’s scheduling), and 

· which scheduled components (Group1) are determined by some coordination between eNBs (so that an outdated CSI feedback from the UE at least for a period longer than the backhaul delay is inevitably used for scheduling due to the inter-eNB coordination).

Such classification of the scheduled components into Group1 and Group2 is useful for narrowing down the coordination signaling types, in that at least all the Group2 components cannot be a candidate for the coordination signaling types.

Observation 1: At least all the Group2 components cannot be a candidate for the coordination signaling types, thus it would be desired to have a common understanding first on what would be Group2 components.

In the following subsections, we further discuss possible CoMP schemes with non-ideal backhaul (NIB) by classifying the relevant scheduled components into Group1 or Group2. Considered CoMP schemes are respectively semi-static point muting (SSPM), semi-static point selection (SSPS), and coordinated beamforming (CB). Note the cooperating eNBs can primarily exchange some inter-eNB signaling information, including loading information (e.g., traffic load per eNB), CSI-RS configurations, CSI-IM configurations, and DMRS configurations. In addition to these primary inter-eNB signaling supports, further 1-way or 2-way signaling needs to be supported between cooperating eNBs to initiate a semi-static CoMP operation such as the SSPM, SSPS, and CB.
2.1. Semi-static point muting (SSPM)
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Figure 1. Illustration of SSPM-based PDSCH transmission over NIB.

Figure 1 shows an illustration of SSPM-based PDSCH transmission from the serving eNB1 and at the same time eNB2 performs muting so as to the CoMP UE can have a benefit of an improved signal quality. Since those two eNBs are connected via NIB, dynamic muting by eNB2 (e.g., per TTI level) is hardly applicable. Instead, 1-way backhaul signaling (from eNB1 to eNB2) or 2-way handshake (e.g., request from eNB1 and the response from eNB2) can be supported with informing the eNB2 of particular time and/or frequency resources to be reserved between eNBs during the SSPM period. Specifically, certain subframe(s) and particular RB(s) can be reserved by inter-eNB signaling exchanges, where such subframe information may be given as a form of subframe bitmap, similar to ABS information in eICIC. Based on such information on the muted RB resources, the eNB1 (as the serving node) can individually determine UE selection with corresponding precoding/MCS selection and HARQ process number assignment, based on the latest CSI feedback from the UE. Summarizing, the classification of scheduled components for the SSPM scheme is given as follows:
· For semi-static point muting (SSPM),
· Group 1:
· Muted RB resources
· Group 2:
· UE selection
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number
Especially for 1-way signaling of such muted RB resources as the Group1 component, the authority of the SSPM initiation with this inter-eNB signaling can be given to a particular eNB, which can be regarded as a master eNB. For example, eNB1 can be a master eNB so that eNB2 should follow the indication from eNB1 and mute on the indicated time/frequency resources. As another example, eNB2 may have very low traffic loads so that eNB2 (as a master eNB) can send a 1-way signaling informing eNB1 of particular time/frequency resources muted by eNB2. Then, the eNB1 can freely utilize these informed resources to serve such CoMP UE. For these kinds of 1-way initiation, necessary signaling exchanges as mentioned above and negotiations between coordinating eNBs should be done in advance, so as to take only NIB delay (e.g., tens of milliseconds) for initiating the SSPM.

Note for a UE configured in TM10, the decision metric at the eNB side of whether the SSPM operation is beneficial or not can be based on multiple CSI processes configured to the UE. For example, one CSI process reflects non-CoMP transmission (where eNB2 does not mute on the corresponding CSI-IM resource), and another CSI process represents SSPM-based transmission (where eNB2 mutes on the corresponding CSI-IM resource). Since the RRC configurations of such CSI processes in general require more time to reach the completion of RRC (re-)configuration compared to the NIB delay, these multiple CSI processes related to potential SSPM eNBs are desired to be configured prior to the SSPM initiation signaling between eNBs.

2.2. Semi-static point selection (SSPS)
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Figure 2. Illustration of SSPS-based PDSCH transmission over NIB.

In Figure 2, an illustration of SSPS-based PDSCH transmission from eNB2 is shown, where non-serving cell (eNB2) can have the authority to schedule the CoMP UE during a given SSPS period. Since the SSPS is not the hand-over which changes the serving cell but is regarded as semi-static PDSCH transmission point switching, the other control channel information carried by PDCCH is still conveyed to the UE from eNB1. Such SSPS-based PDSCH transmissions can be scheduled via EPDCCH from eNB2, for which necessary signaling exchanges and negotiations between eNBs should be done in advance including EPDCCH set related information configured to the UE by RRC signaling. In addition, it is desired that the eNB2 can directly receive the CoMP UE’s uplink transmissions (such as particular PUCCH, PUSCH, and SRS that eNB2 should know), since there is NIB delay if eNB1 relays the CoMP UE’s uplink signals to eNB2. To support such uplink SSPS operations, relevant uplink channel/signal configurations configured to the UE by RRC signaling need to be conveyed to eNB2 by inter-eNB signaling. In addition to this uplink CoMP support, the uplink joint reception (JR) should also be considered, and these uplink related issues are further discussed in our companion contribution [2].
In the inter-eNB signaling perspective, similarly to the SSPM case, 1-way backhaul signaling (from eNB1 to eNB2, or vice versa) or 2-way handshake (e.g., request from eNB1 and the response from eNB2) can be supported, but the difference would be the time/frequency resource reservation between eNBs may not be necessary since eNB2 can independently schedule the data to the UE. Therefore, the Group1 component for the SSPS scheme would be candidate UEs for each eNB (instead of RB resources as in SSPM), and such classification of the scheduled components for SSPS is given as follows:
· For semi-static point selection (SSPS),
· Group 1:
· Candidate UEs for each eNB
· Group 2:
· Final UE selection within the candidate UEs for each eNB
· Allocated RBs per UE
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number
Note the scheduled component of ‘UE/eNB selection’ for SSPS is classified into both Group1 and Group2, where in Group1 the candidate UEs per eNB are determined by coordination (so that an outdated CSI feedback from the UEs at least for a period longer than the backhaul delay is inevitably used) while in Group2 the final UE selection within such candidate UEs per eNB is done by each individual eNB, based on the latest CSI feedback from the candidate UEs.
The data packet sharing or partitioning between eNB1 and eNB2 can be done by similar techniques of U-plane alternatives considered in [3]. If the amount of data packets which eNB2 should serve the UE is given by inter-eNB signaling (from eNB1 to eNB2), it is supported that eNB2 can send a SSPS completion message back to eNB1 when the allocated data packet transmissions are completed. In addition, it is much desired to have a bounded SSPS duration indicated by eNB1 to eNB2, which limits a maximum allowed time for SSPS transmissions, and the eNB2 should finish SSPS-based transmissions within the allowed time duration. In the case when eNB2 has remaining data packets after finishing SSPS-based transmissions, it is possible informing eNB1 of such amount of remaining data packets by inter-eNB signaling.

Similarly to the SSPM case, multiple CSI processes with each proper CSI-IM configuration can be configured to the UE in TM10 and utilized for determining which eNB is better to serve the UE during a SSPS interval.
2.3. Coordinated beamforming (CB)
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Figure 3. Illustration of CB-based PDSCH transmission over NIB.

In Figure 3, an illustration of CB-based PDSCH transmission is shown, where serving cell (eNB1) transmits the data while non-serving cell (eNB2) serve another UE but with an indicated/negotiated CB-based PMI for beam avoidance for the CoMP UE. Specifically, eNB2 can firstly inform eNB1 of a certain PMI (or a beam direction) chosen by eNB2, and after receiving this information via inter-eNB signaling, eNB1 can choose a proper UE for scheduling in consideration of the informed PMI from eNB2, in order to minimize the amount of interference impacted to the CoMP UE under the assumption that eNB2 uses the PMI to serve another UE. Such informed PMI can be not only a single PMI (or a beam direction), but also a set of multiple PMIs as a candidate precoding set to be used by eNB2 so that eNB1 should take into account these multiple PMIs when scheduling UEs. Based on such precoding set information, the eNB1 (as the serving node) can individually determine UE selection with corresponding final precoding selection, MCS selection, RB allocation, and HARQ process number assignment, based on the latest CSI feedback from the UE. Alternatively, eNB1 (considered as a master eNB) can inform eNB2 of a certain PMI or a beam direction to be used by eNB2. 
In the signaling perspective, 1-way backhaul signaling (from eNB1 to eNB2, or vice versa) or 2-way handshake (e.g., request from eNB1 with a preferred PMI to be used by eNB2 and the response from eNB2) can be supported with some time and/or frequency resource information to be reserved between eNBs for the CB operation. Specifically, certain subframe(s) and particular RB(s) can be reserved by inter-eNB signaling exchanges, where such subframe information may be given as a form of subframe bitmap, similar to ABS information in eICIC. Summarizing, the classification of scheduled components for the CB scheme is given as follows:

· For coordinated beamforming (CB),
· Group 1:
· Precoding set
· Allocated RBs (optional)
· Group 2:
· Final precoding selection (including the number of transmit layers)
· UE selection
· Allocated RBs per UE
· MCS selection
· HARQ process number
3. Discussion on coordination signaling types
Based on the discussion in Section 2, it is observed that at least the MCS selection and HARQ process number assignment can be regarded as Group2 components, so that these can be excluded in the inter-eNB signaling design. On the other hand, a TP (eNB) selection is regarded as always Group1 component for the SSPS scheme, which means the serving eNB selection with determining candidate UEs per eNB is done by inter-eNB coordination based on outdated CSI feedbacks from the UEs at least for a period longer than the backhaul delay.

The other components including CSI, allocated RBs, UE selection, and precoding selection can be considered as Group1 and/or Group2 components as discussed in the previous section. Especially for CSI, if this is in Group1, it means an SSPS-based PDSCH transmitting eNB has always an outdated CSI provided from a different eNB with at least an NIB delay, whereas if this is in Group2, it means an SSPS-based PDSCH transmitting eNB directly receives and utilizes the latest CSI feedback from the UE.

4. Conclusion
In this contribution, we discussed potential inter-eNB signaling over non-ideal backhaul for CoMP operations, where SSPM, SSPS, and CB are considered as potential semi-static CoMP schemes. Based on the discussion, at least the MCS selection and HARQ process number assignment can be regarded as Group2 components, so that these can be excluded in the inter-eNB signaling design. It is also observed that uplink enhanced schemes including power control need to be considered at least for efficiently supporting the SSPS.
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