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Introduction
In RAN1#80 meeting, consensus was reached for the following observations on necessary enhancements to DL control signalling as captured in [1]:
Observations:
· For possible enhancements to DL control signalling,
· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified
· Please note that other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 
· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:
· Possible extension of the cross-carrier scheduling framework to more than 5 CCs
· FFS including:
· CIF (3bit vs. 5bit) as part of the UL/DL grants
· USS definition (in case of 3bit vs. 5bit CIF)
· Aspects to be considered (not limited to):
· DL control channel capacity limitation
· (E)PDCCH blocking/collision
· PHICH blocking/collision
· Increased false-detection rate with an increasing number DL carriers
· UE DL control decoding limitations incl. increasing number of blind decodes
· Improved UE power saving
· Potential limitations of the eIMTA signalling
In this contribution, we provide some analysis and views on some of the potential issues relate to DL control enhancements.
Discussion
2.1 Cross-carrier scheduling framework to more than 5 CCs
Main motivation of cross-carrier scheduling (CCS) in CA is to mitigate inter-cell interference on the control channels in HetNet and to balance traffic and control signalling load across component carriers. The mechanism of which CCS is realised in the current and earlier releases is by configuring a SchedulingCellId and ServCellIndex for each CC, and providing a carrier indication field (CIF) in the DCI indicating which CC the DCI is intended for. However, one of the main issues of continuing to support CCS in Rel-13 eCA is the limitation of the CIF length which currently is defined with 3 bits length and therefore only capable of indicating up to 8 CCs. In order to support CCS in Rel-13 eCA of up to 32 CCs, following options are considered.

Option 1: Keeping the existing CIF format of 3 bits [2-7]
For this option, the main motivation is not to increase the existing DCI format sizes (thus number of UE blind decodes) by keeping the current CIF format of 3 bits. To achieve this, the key mechanism is to define a new scheduling cell grouping for eCA UEs where each group has maximum of 8 CCs and CCS is only among the CCs within the same group. Thus, the current 3bit CIF format can be reused for different group.
Overall for Option 1, it has following benefits and drawbacks.
Benefit:
· Less DL control channel capacity issue, since transmission of scheduling DCIs for DL/UL (up to 32 CCs) are distributed to multiple scheduling cell groups. Therefore, it is expected:
· No dramatic increase in (E)PDCCH blocking/collision probability, since the maximum number of CCs (within a scheduling cell group from one CC) that can be cross-carrier scheduled is increased from currently 5 to 8.
· No dramatic increase in PHICH blocking/collision probability, since the maximum number of UL CCs (within a scheduling cell group from one CC) that can be cross-carrier scheduled is increased from currently 5 to 8.
· Keeping the existing CIF format of 3 bits, thus keeping the same number of blind decodes per carrier.
· Specification impact can be low (as described below).
Drawback:
· A new “scheduling cell group” concept will need to be introduced. This potentially will be different to the “PUCCH cell group” for UL UCI reporting, which is already set to be introduced in this WI. As the scheduling cell and PUCCH cell do not need to be the same and full flexibility should be given to eNB configuration (e.g. scheduling cell on Macro and PUCCH cell on pico, or vice versa), the “scheduling cell grouping” and “PUCCH cell grouping” will most likely to be decoupled.
· Limitation to the scheduling relationship is strictly within the scheduling cell group. That is, the eNB cannot flexibly configure any scheduling CC to any scheduled CC.

To realise this option, specification change can be done as follows:
Sub-option 1.1: During CA configuration, scheduling cell groups can be “virtually” created by using the existing higher layer parameter “ServCellIndex” and “SchedulingCellId”, as shown in Figure 1 where PCell and SCell_1 as one scheduling cell group, SCell_2 and 3 as one scheduling cell group, and SCell_29, 30 and 31 as another scheduling cell group. Note that, the scheduling cell group of one can be thought as already exists for the existing Rel-12 CA configuration.
When adding each cell to the CA configuration, a “VirtualServCellIndex” is additionally configured by the eNB. Its value should range from 0 to 7 (within its own scheduling cell group) and it is to be used as the CIF value in the DCI formats.
Sub-option 1.2 [3, 4]: Defining different search space for different scheduling cell group/set. The eNB first configures CCs into different scheduling cell group/set (maximum of 8 CCs per group) and allocates multiple search spaces on PDCCH and/or EPDCCH such that the search space for each scheduling cell group/set does not overlap with each other.
In order to alleviate the control resource shortage in a CC, it is suggested either increase the EPDCCH region by configuring more non-overlapping EPDCCH sets for a UE or making the serving cell index (nCI) value explicitly configurable.
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Figure 1: Scheduling cell group and VirtualServCellIndex

Option 2: Extending CIF to 5 bits [9]
For this option, the main motivation is to retain the existing scheduling relationship for the eNB, where resource assignment for a CC can be configured to come from any scheduling CC. In order to achieve this full flexibility in the most straight forward manner, the current CIF in applicable DCI formats is directly extended from 3 to 5 bits to account for up to 32 CCs that can be carrier aggregated in the Rel-13 eCA.
Overall for Option 2, it has following benefits and drawbacks.
Benefit:
· Full flexibility is ensured that eNB is able to configure any CC for cross-carrier scheduling of any other CC. It is even possible to cross-carrier schedule other 31 CCs from just one CC (e.g. PCell).
· If number of CCS’ed CCs ≤ 5 or 8 from one scheduling CC, it is expected that there is no dramatic increase in capacity issue in (E)PDCCH and PHICH.
Drawback:
· In addition to the current DCI format sizes, new sizes will also need to be supported by Rel-13 eCA UEs. If no clear rule is established for which DCI format sizes the Rel-13 eCA UE should monitor, Rel-13 eCA UEs may need to monitor a large set possible DCI formats with different sizes.
· Possible solution: a simple rule can be established for eCA UEs that if number of configured CCs ≤ 8, eCA UEs monitor DCI format with CIF = 3. If more than 8 CCs are configured, then eCA UEs would monitor DCI format with CIF = 5. This in turn means the number of blind decoding attempts remains the same as in Rel-12 CA for eCA UEs configured with more than 8 CCs.
· (E)PDCCH and PHICH capacity of the scheduling CC is a serious constraint if a large number of UEs and CCs are to be CCS’ed. Due to this control channel capacity issue, it creates the following two potential problems:
· (E)PDCCH blocking/collision
· Possible solution(s): Extending from the suggestions in [3, 4], configuring additional EPDCCH sets and/or monitoring both PDCCH and EPDCCH search spaces for eCA UEs could be considered to alleviate this potential problem. That is, different search space on PDCCH and/or different EPDCCH sets could be configured for different CC.
· PHICH blocking/collision
· Possible solution: Similar to the above solution for (E)PDCCH, additional PHICH resources should be created to resolve PHICH blocking/collision. While creating new PHICH resources in the legacy control region would not be possible due to backward compatibility, creating and multiplexing new PHICH resources (EPHICH) on the new EPDCCH sets for eCA UEs only could be considered. Further discussions on this can be found in our companion contribution in [10].
· Specification impact is low if choose not to optimise/resolve the (E)PDCCH and  PHICH blocking/collision issues. Otherwise it can be considerable.

To realise this option, specification change can be done as follows:
Sub-option 2.1: The CIF length is 3 or 5 bits long in applicable DCI formats, depending on number of configured CCs (5 or 8 CCs). As mentioned above, this simple rule can be defined to maintain / not to increase the number of blind decodes for UEs that are configured with more than 5 or 8 CCs, by only searching for DCI formats with CIF that is 5 bits long. That is, UE is not required to search DCI formats with CIF that is 3 bits long. Although PDCCH decoding performance may be slightly degraded due to the additional 2 bits, it is however expected the impact to the decoding performance is negligible.
Sub-option 2.2 [9]: A CC Group Indication Field (CGIF) is assigned to each configured CC for the UE and a CGIF field is to be added in the DCI formats before the CIF.
On the DCI decoding, it is expected this scheme will have the same performance as sub-option 2.1 with two extra bits are added. However, it is expected the specification effort is moderately increased due to additional assignment/configuration of CCs into different CC group and extra description for this CGIF in both 36.212 and 36.213 is needed.


Proposal 1: If Option 1 is chosen (keeping CIF format of 3 bits), it is proposed that sub-option 1.1 is adopted to define a “VirtualServCellIndex” (exact parameter name can be decided by RAN2) as it provides better flexibility for the eNB to configure CCS and self-scheduling in any carrier combination. 

Proposal 2: If Option 2 is chosen (extending CIF format to 5 bits), sub-option 2.1 is preferred as it is a simple straight forward extension to the current CCS mechanism with minimum specification impact. Additionally, it is proposed to increase DL control channel capacity for both EPDCCH and PHICH for UL-HARQ transmissions.

Conclusion
In this contribution, several options / sub-options to support cross-carrier scheduling of up to 32 CCs were discussed. Based on the analysis, we proposed the followings:
Proposal 1: If Option 1 is chosen (keeping CIF format of 3 bits), it is proposed that sub-option 1.1 is adopted to define a “VirtualServCellIndex” (exact parameter name can be decided by RAN2) as it provides better flexibility for the eNB to configure CCS and self-scheduling in any carrier combination.

Proposal 2: If Option 2 is chosen (extending CIF format to 5 bits), sub-option 2.1 is preferred as it is a simple straight forward extension to the current CCS mechanism with minimum specification impact. Additionally, it is proposed to increase DL control channel capacity for both EPDCCH and PHICH for UL-HARQ transmissions.
References
[1]	RAN1Chairman’s notes (final version), RAN1#80.
[2]	R1-150104, “Enhancements to DL control signalling for Rel-13 CA”, CATT
[3]	R1-150315, “Identified DL aspects for CA beyond 5 carriers”, Panasonic
[4]	R1-150316, “DL control signalling enhancement for up to 32 carriers”, Panasonic
[5]	R1-150323, “DL control signalling enhancements for up to 32 CCs”, Ericsson
[6]	R1-150359, “Enhancements to DL control signalling for CA with up to 32 CCs”, Samsung
[7]	R1-150495, “On DL control signalling for up to 32 component carriers”, Nokia
[8]	R1-150581, “Consideration on carrier aggregation beyond 5 carriers”, Potevio
[9]	R1-150169, “Enhancements to DL control signalling for up to 32 component carriers”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[bookmark: _GoBack][10]	R1-151563, “Resolving PHICH blocking/collision”, NEC
image1.png
~

PCell /
PuccH

Carrier | ServCellindex | ScedulingCellid | VirtualServCellindex
Scheduling
Cell Group el 0 Cwn i

5Call_1 1 0 1

SCell_2 2 3 1
Scheduling =
Cell Group 5Cell_3 3 Own 0
Scheduling  [Scellzg | 29 |~ a1 [ 2 7
Cell Group ~»[sCell_30 30 31 1

SCell 31 31 Own )

SCell 31




