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Discussion/Decision
1
Introduction

In the RAN1#70 meeting, the applicability of transmission modes and DCI formats to EPDCCH was discussed. It was agreed that at least DCI formats 0, 1A, 4 and 2C can be present on EPDCCH. It is a working assumption that all other USS DCI formats can also be present on EPDCCH and therefore all DL TMs can be supported by EPDCCH.
In this contribution, we present our recommendation on the supported R8-R11 DL transmission modes and their associated DCI formats.

This agreement that at least DCI formats 0, 1A, 4 and 2C can be used on EPDCCH means that R10 DL TM9 and both the R8 UL TM1 and the R10 UL TM2 are supported. 

We first discuss DCI formats 1/1A/1C when used for connection establishment and maintenance. We then consider the need to support CRS versus DM RS based DL transmission modes with EPDCCH, and in particular whether it is necessary to support both localized and distributed EPDCCH for all transmission modes. We separately discuss SPS and support for the new CoMP TM10 at the end of this contribution.
2
Discussion
In R8-R10, DCI formats 1A/C when the CRC is scrambled with SI-RNTI, P-RNTI, RA-RNTI are sent on the Common SS. These correspond to DL assignments where PDSCH carries BCH, PCH and the RAR. Similarly, DCI fomats 3/3A using TPC-PUCCH-RNTI or TPC-PUSCH-RNTI are currently sent on CSS.
Due to the absence of CSS on R11 EPDCCH, it is already implied that none of these need to be supported on EPDCCH.

One special situation exists with respect to the use of the Temporary C-RNTI: if the UE is not configured with C-RNTI, it will need to decode the DCI format 1A on both CSS and UE specific SS, but the DCI format 1 can only be sent on the UE specific SS. Given that such a scenario can only occur prior to user-plane data transmission and reception and before EPDCCH is configured for a UE, we recommend to assume fallback to PDCCH in R11 for such a case.
Proposal 1
In R11, DCI formats 1/1A using Temporary C-RNTI are not supported on EPDCCH.
R8-R10 transmission modes 1-9 require decoding the fallback DCI format 1A in addition to one transmission mode specific DCI format on both CSS and the UE specific SS. TM1, 2, 7 require decoding the DCI format 1. TM3, 4, 5, 6, 8, 9 require decoding the DCI format 2A, 2, 1D, 1B, 2B and 2C respectively. With R10 carrier aggregation, C-RNTI applies to both Primary and any Secondary cell(s), but the SPS C-RNTI, if configured, can only be used on the PCell.
We think that both DM RS based and CRS based DL transmission modes should be supported in conjunction with EPDCCH operation.

Given that one objective for EPDCCH design is support for HetNet deployments and frequency domain ICIC gains on the Control Channel part, we deem it is important to support CRS based TM’s on EPDCCH. Furthermore, even for more traditional LTE macro deployments, the choice to use CRS versus DM RS based TM’s is in many cases simply imposed by available antenna configurations while accounting for future deployment considerations. The trade-off’s in terms of achievable DL throughput and incurred overhead derive in consequence.

As far as support for CRS based transmission modes are concerned, for many LTE deployments it may be possible to single out the use of open loop TM3, and to a lesser extent, the use of closed loop TM4 as particularly important scenarios. For both, support of Tx Div TM2 as fallback should be considered. We consider EPDCCH support for the Multi-user DL TM5 of little immediate relevance.

For the DM-RS based transmission modes, the R8 single layer non-codebook based precoding approach (TM7) may be considered superseded by the R9 TM8 for TDD. Clearly, support for EPDCCH operation should rather focus on R9 TM8 and R10 TM9 as most important use cases for DM-RS based transmission. Given that DCI format 1 is already required when supporting TM1 and 2, we think there is no particular penalty attached to also allow for EPDCCH operation in TM7.

We think that it should be one design objective that commonality between PDCCH and EPDCCH is maintained. In fact, these two DL Control Channels should be considered as independent transport mechanisms providing support for the same set of TM’s and their associated DCI formats. But DCI formats should - ideally – remain unchanged irrespective whether they are sent on PDCCH or EPDCCH. Similarly, existing implemented R10 procedures such as A/N resource allocation in case of carrier aggregation should remain independent from the choice whether PDCCH or EPDCCH is configured on either PCell or SCell, or on both, for a UE in arbitrary combinations. 
Support for a particular DL transmission mode on EPDCCH should only be precluded if existing R8-10 CSI reporting modes/types don’t allow for meaningful use and allocation of EPDCCH resources to a UE.

In this context, it may be worthwhile to consider whether EPDCCH support with CRS based transmission modes is always required for both localised and distributed EPDCCH. Localised EPDCCH clearly benefits from availability of subband CQI which in principle is available since R8. We also think that for many deployments, very meaningful frequency domain ICIC gains for EPDCCH are possible even in absence of frequent or detailed CQI feedback from UE’s based on semi-static resource partitioning.

Proposal 2
Confirm the RAN1#70 working assumption that all other USS DCI formats can also be present on EPDCCH and therefore all DL TMs can be supported by EPDCCH.
Proposal 3
Both localized and distributed EPDCCH can be configured for each supported DL transmission mode.
In order to support DL CoMP, the introduction of the new R11 DL TM10 has been agreed in RAN1#70.

While details are still being discussed, it is clear the the indication of CRS position(s) for at least one cells and rate-matching of the transmitted PDSCH will be based on DCI format 2C. Similar to R10, DCI format 1A will be used as fallback.

Given that one objective for EPDCCH design is support for DL CoMP and providing increased flexibility to allocate capacity to control channels in particular for CoMP Scenario 4, we think EPDCCH operation should be supported for the R11 TM10.
Proposal 4
R11 TM10 is supported on EPDCCH (use of fallback DCI format 1A and the unchanged / modified DCI format 2C).
While there is no principle obstacle to support both SPS based and dynamic grant based allocations, R10 carrier aggregation limits the use of the SPS C-RNTI to the Primary Cell only. We think that there is no reason to deviate from this R10 design principle when using carrier aggregation with EPDCCH.

In consequence, a UE should support decoding DCI formats using SPS C-RNTI on EPDCCH only if the configured EPDCCH is on the Primary Cell.

Proposal 5
As in R10, DCI formats using SPS C-RNTI on EPDCCH are only supported when the configured EPDCCH is on the Primary Cell.
3.
Conclusions and Recommendations

In summary, we propose the following,
Proposal 1
In R11, DCI formats 1/1A using Temporary C-RNTI are not supported on EPDCCH.
Proposal 2
Confirm the RAN1#70 working assumption that all other USS DCI formats can also be present on EPDCCH and therefore all DL TMs can be supported by EPDCCH.
Proposal 3
Both localized and distributed EPDCCH can be configured for each supported DL transmission mode.

Proposal 4
R11 TM10 is supported on EPDCCH (use of fallback DCI format 1A and the unchanged / modified DCI format 2C).
Proposal 5
As in R10, DCI formats using SPS C-RNTI on EPDCCH are only supported when the configured EPDCCH is on the Primary Cell.
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