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1. Introduction
At the RAN1#80bis meeting, RAN1 reached following agreements/conclusions [1].
	Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF
Agreements:
· No enhancements to Rel. 10 CA PHICH resources and related mapping is needed in Rel. 13 CA
· FFS: Whether to clarify of UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE


In this contribution, we discuss remaining FFS aspects described above. We also discuss and compare the joint grant with new DCI design and individual grant for Rel.13 CA.
2. FFSs on CIF configuration for cross-carrier scheduling
For cross-carrier scheduling, 3-bit carrier indicator field (CIF) in a PDCCH/EPDCCH is used to indicate the scheduled CC. Therefore, up to 8 CCs are able to be cross-carrier scheduled by a single CC by re-using the 3-bit CIF field. According to TS36.213, the CIF value is the same as ServCellIndex defined in [2]. For legacy CA, the CC having ServCellIndex from 0 to 4 can be indicated by the corresponding CIF value of 0 to 4. In addition, schedulingCellId [2] is configured to indicate which CC signals the downlink allocations and uplink grants for the concerned CC. However, for Rel.13 CA, the supported CC number is extended to 32. In order to support cross-carrier scheduling for up to 32 CCs by an individual grant, the mapping of ServCellIndex to CIF for a scheduling CC should be addressed. There are two alternatives to deal with this issue.
First alternative is to introduce additional group index while keeping the range of ServCellIndex 0~7. For 32 CCs, 4 cross-carrier groups are configured. Then, the scheduled CC is determined based on which cross-carrier group the scheduling/scheduled CC belongs to, and which ServCellIndex is indicated by the CIF in a PDCCH. In this case, ServCellIndex is not unique; the same value of ServCellIndex is used in different cross-carrier group. It is not possible to perform cross-carrier scheduling across cross-carrier groups, similar to the PUCCH cell-group concept in dual connectivity or PUCCH on SCell. Note that in case of dual connectivity and PUCCH on SCell, allocation of unique ServCellIndex to all the serving cells in different cell-groups is necessary since the UE identifies each CC by ServCellIndex. However, considering the combination of PUCCH CGs and cross-carrier groups, Alt.1 would require careful handling of ServCellIndex assignment. Furthermore, it requires specification enhancement of dual connectivity or PUCCH on SCell to allow the same ServCellIndex to be allocated to different CCs in different cell-groups.
Second alternative is to interpret the indicated CIF value of 0~7 to one of the value of 0~31, where the range of ServCellIndex is assumed to be extended to 0~31. In order to interpret the CIF to more than 7, additional information is necessary. A simple method would be implicit mapping of ServCellIndex to CIF using a predefined formula. However, this is not flexible enough, especially when the UE is configured with dual connectivity or PUCCH on SCell. For example, a UE is assumed to be configured with dual connectivity or PUCCH on SCell, and CG1 and CG2 contain CC index #0, 1, 2, and CC index #3, #4, respectively. Then, if the UE is further configured with some SCells (CC index #5~#9) in CG1 as seen in Fig.1, the CC index among serving cells in MCG becomes not continuous. As such, PUCCH CG configuration in dual connectivity or in PUCCH on SCell is not predefined and is already flexible. If the implicit formula is adopted, cross-carrier scheduling configuration could be restrictive depending on the predefined formula. This can be resolved by reconfiguring ServCellIndex of all the cells in different order, such that the formula works. However, reconfiguration of ServCellIndex of all the cells requires signalling interaction between MeNB and SeNB in dual connectivity, and de-activation and re-activation of PUCCH SCell in case of PUCCH on SCell. In order to avoid such behavior, the mapping of ServCellIndex to CIF should be configurable by higher-layer signalling to guarantee the flexibility. For example, a linkage between the {ServCellIndex of the scheduled CC} and {ServCellIndex of the scheduling CC (i.e., schedulingCellId) and the CIF value} can be configured by higher-layer. For several scheduled CCs linked to the same scheduling CC, the CIF values should be different within a range of 0~7. 
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Fig. 1. Flexible mapping of ServCellIndex to CIF.
As analyzed above, Alt.2 with flexible mapping of ServCellIndex to CIF is preferable.
Proposal 1:

· Alt.2 is supported for mapping of ServCellIndex to CIF value between the following.
· Alt. 1: Keep the range of ServCellIndex 0~7, and introduce additional group index, such as cross-carrier scheduling group index.
· Different ServCellIndex is assigned within a cross-carrier group, and the same across the groups. CIF value is the same as ServCellIndex.
· ServCellIndex of the scheduled CC is determined based on the ServCellIndex of scheduling CC (i.e., schedulingCellId) and its group index.
· Alt. 2: Extend the range of ServCellIndex to 0-31, and introduce additional RRC signalling to indicate how the UE shall interpret the CIF value in the PDCCH.
· The interpretation is based on the mapping table b/w {ServCellIndex of the scheduled CC} and {CIF value, ServCellIndex of the scheduling CC (i.e., schedulingCellId)}.

· Send a LS to RAN2 to ask the extension of ServCellIndex range to 0~31.

Shared search space is a possible method for PDCCH blind decoding number reduction. One approach for this is to make the UE-specific search spaces among different CCs being overlapped by controlling the UE-specific search space position. In Rel.10-12 CA, the position of UE-specific search space is determined by the nCI value, where nCI value is different between the scheduled CCs, so that the UE-specific search space of the same aggregation level among different CCs are not overlapped. In order to realize this, in Rel.10-12, the nCI value is equal to the CIF value. On the other hand, if the flexible overlapping of search spaces among different CCs is required, then further flexibility is necessary in the determination of UE-specific search space position. For example, if eNB configures multiple carriers which have the same bandwidth and transmission mode with the same nCI value, the same search space is shared for multiple CCs for a UE and less blind decoding attempts are needed. This could guarantee more search space sharing than the former cases intentionally. Another example is the remapping between CIF value in the PDCCH and nCI in the UE-specific search space equation. This enables more flexible allocation of UE-specific search spaces in the PDCCH In both cases, the UE-specific search space definition is required to be changed.
As discussed above, shared search space may require the change of UE-specific search space definition and its relation to CIF. So, it is up to the discussion whether to reduce the number of blind decoding of PDCCH.
Proposal 2:

· UE-specific search space definition and its relation to CIF are unchanged unless shared search space is introduced.
3. FFS on UE behavior for PHICH
At the last RAN1 meeting, it has been agreed that no enhancements to Rel.10 CA PHICH resources and related mapping is needed in Rel.13 CA. In the current specification, PHICH resource is identified by the lowest PUSCH PRB index and DM RS cyclic shift indication field in the UL grant. From the specification, it is possible for PUSCH transmissions in different serving cells to point to the same PHICH resource. In case of UL cross-carrier scheduling for up to 8 CCs (i.e., cross-carrier scheduling by individual grant), if the PHICH collision needs to be avoided, it can be handled by eNB scheduler, as in Rel.10-12 CA with up to 5 CCs. Similarly, if the PHICH bundling (i.e., same PHICH resource is pointed by multiple PUSCH transmissions) is preferable, it is also possible to do that by eNB scheduler. As such, the current specification is already clear. If it is necessary to clarify the UE behavior in the case of PHICH bundling, Rel.10-12 CRs may also need to be considered, since the same description has been used from the Rel.10 CA. 
Proposal 3:

· It seems natural to consider that the UE follows the described procedure in case of multiple PUSCH transmissions pointing to the same PHICH resource.
· If it needs clarification, we should discuss whether to clarify it also for Rel. 10-12.
4. Discussion on joint grant and individual grant
In this section, we discuss the necessity and the possible design of joint grant, and compare joint grant with individual grant. With a joint grant, multiple CCs can be scheduled by a single PDCCH and hence, the number of blind decoding can be reduced. In general, joint coding is applied over the scheduling information of multiple CCs and hence, larger overhead is required per grant. In order to reduce the control overhead, some information can be common over multiple CCs. For example, the TPC command for PUCCH, CSI request, and UL DAI (for TDD) can be common information for multiple CCs. Therefore, for scheduling the same number of CCs in a PDCCH or EPDCCH, the overhead of the joint grant could be smaller than that of multiple individual grants. Since it is unreasonable to assume that the UE would be allocated with only several PRBs on many DL CCs (e.g., 32 DL CCs), resource block assignment (RBA) and related scheduling information could be further reduced. There are various options regarding the joint grant designs [3][4]. Apparently, it requires lots of discussion effort and large specification impact to achieve a new efficient DCI structure.
On the contrary, individual grant can keep the existing DCI structure with separate coding for each grant. Common information over multiple CCs is not unified so that each grant can be detected individually. With individual grant, there is a restriction on cross-carrier scheduling by CIF. However, by configuring four scheduling CCs, cross-carrier scheduling for up to 32 CCs is enabled. 

So far, the joint grant was discussed in the context of an issue with the number of blind decoding. In the last RAN1 meeting, it was pointed out that the increase of the number of blind decoding results in erroneous PUCCH transmission caused by the PDCCH false detection. There are multiple possible solutions for this; for example, shared search space [5] and/or CRC length increase (e.g., to 24 bits) [6]. We believe that PUCCH on SCell is also a promising solution for that. By configuring PUCCH on SCell, the number of DL CCs per PUCCH Cell can be reduced and therefore, the impact of PDCCH false detection is alleviated. In CA scenario 4, the number of UEs configured with the same PUCCH SCell (small cell). Therefore, by increase further the number of CCs on PUCCH CG2, the impact from erroneous PUCCH transmission caused by the PDCCH false detection could further be alleviated.
As such, it is understandable that the joint grant is an efficient approach to aggregate large number of CCs. On the other hand, whether it is really necessary is still not clear so far. It should be clarified on which scenario the joint grant is necessary, and how much benefit it offers.
Proposal 4:

· The necessity and benefit of joint grant should be discussed.
· Target scenarios should be clarified.
5. Conclusion
In this contribution, we discussed remaining FFS aspects regarding CIF and PHICH. We also provided our views on joint grant and individual grant. Based on above discussion, we proposed the following: 
Proposal 1:

· Alt.2 is supported for mapping of ServCellIndex to CIF value between the following.
· Alt. 1: Keep the range of ServCellIndex 0~7, and introduce additional group index, such as cross-carrier scheduling group index.
· Different ServCellIndex is assigned within a cross-carrier group, and the same across the groups. CIF value is the same as ServCellIndex.
· ServCellIndex of the scheduled CC is determined based on the ServCellIndex of scheduling CC (i.e., schedulingCellId) and its group index.
· Alt. 2: Extend the range of ServCellIndex to 0-31, and introduce additional RRC signalling to indicate how the UE shall interpret the CIF value in the PDCCH.
· The interpretation is based on the mapping table b/w {ServCellIndex of the scheduled CC} and {CIF value, ServCellIndex of the scheduling CC (i.e., schedulingCellId)}.

Proposal 2:

· UE-specific search space definition and its relation to CIF are unchanged unless shared search space is introduced.
Proposal 3:

· It seems natural to consider that the UE follows the described procedure in case of multiple PUSCH transmissions pointing to the same PHICH resource.
· If it needs clarification, we should discuss whether to clarify it also for Rel. 10-12.
Proposal 4:

· The necessity and benefit of joint grant should be discussed.
· Target scenarios should be clarified.
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