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Discussion
1
Introduction

In the May 2013 RAN1#73 meeting, signaling mechanisms to support UL-DL reconfiguration for eIMTA were discussed. The two main categories were proposed solutions based on implicit signalling and explicit signalling [2].
Explicit L1 signaling of TDD UL-DL re-configuration by UE-group-common (e)PDCCH was taken as working assumption. Details on search space, blind decodes, fallback solution, UL scheduling and HARQ timing were left FFS.
· Alt2: Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH

· FFS which search space is used for this signalling 

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 

In this contribution, we discuss the open issues for Alt 2 Explicit L1 signaling using UE-group-common (e)PDCCH for TDD UL-DL reconfiguration. We evaluate the different aspects left FFS for the explicit signaling approach,

· Which UL scheduling timing and HARQ timing to use

· When to send the L1 explicit signalling

· What to send in the L1 explicit signalling, incl. related aspects such as blind decoding imposed on UE’s

· How to design the fallback solution for an overall system-solution

2
Discussion
2.1 
Design requirements

Legacy TDD UE’s determine the TDD UL-DL frame configuration and special subframe configuration for the serving cell from SIB1. The decoded UL-DL frame configuration of the serving cell will determine the actual transmission direction of subframes, DL and UL HARQ timing relationships, the configuration of DL and UL HARQ processes / soft buffer memory, and in many cases, these indirectly affect configuration of the UE PDCCH decoding procedures.
It can be said that any ambiguity between the eNB and UE regarding the fundamental TDD timing relationship for DL reception or UL data transmission and their accompanying A/N and re-transmission timelines results in serious problems for system operation. Therefore, it is important to consider DL and UL HARQ timing relationships and expected UE behaviour in both the normal and the error cases when introducing explicit signalling support for re-configuration.
When introducing explicit signalling for R12 eIMTA in the form of a common/group frame re-configuration DCI, it is therefore imperative to address all of the above fundamental system procedures in conjunction.

In several cases already with R8 single carrier and R10 carrier aggregation operation the eNB will need to account for missed DL assignments by the UE, for example when decoding PUCCH. A R12 compliant eNB implementation should not be burdened with undue complexity to account for the possibility that R12 UE’s supporting eIMTA may miss the re-configuration DCI.

As guiding design principles, any R12 UE supporting eIMTA that cannot decode the expected re-configuration DCI, should:
· Not transmit UL signals/channels in a subframe considered DL by the eNB.

· Still be able to receive and decode DL assignments at least in subframes that are always DL.

It derives from these fundamental design principles, that a fallback solution is needed for the case when the UE misses the re-configuration DCI. The fallback solution should allow for continued DL reception of the R12 eIMTA UE at least in DL subframes that cannot change direction, i.e. the set of always fixed DL subframes.

Furthermore, it is very desirable that the fundamental UL scheduling / re-transmission and DL/UL A/N timing relationships are independent from the re-configuration signalling. This is simply because such an approach avoids the need altogether to deal with a great number of possible error cases which would result in significantly increased UE and eNB implementation complexity and more specification work.
In summary, explicit signaling of reconfiguration should not determine UL scheduling and A/N timing relationships.
2.2 
UL Scheduling and DL/UL HARQ Timing

Due to the principle of synchronous HARQ applied in the LTE UL, UL scheduling and PUSCH (re-)transmission timelines are more affected than in the DL where asynchronous HARQ allows for eNB flexibility when scheduling the UE. As a result, if the TDD UL-DL configuration to be used for UL HARQ operation changes frequently, then all ongoing UL HARQ processes would be affected and interrupted which in turn can cause a significant impact on the system throughput. For this reason, we propose that UL scheduling and DL/UL A/N transmission timelines are not subject to explicit re-configuration in the form of a DL group-/broadcast DCI.

Instead, we propose that R12 UE’s supporting eIMTA to follow the cell-specific TDD UL-DL configuration for their UL scheduling and transmission of the related UL HARQ feedback. For example, in a deployment using eIMTA, the cell-specific TDD UL-DL configuration in SIB1 can be configured with an UL-heavy TDD UL-DL configuration to allow for a maximum number of flexible subframes that can be assigned as either DL or UL depending on need.
On the other hand for DL operation, we propose that R12 UE’s supporting eIMTA are signalled a UE-specific UL-DL configuration through RRC. This RRC signalled UL-DL configuration would be used by a UE to determine which subframes can carry DL grant and DL data and which can carry related DL-HARQ feedback, e.g., PUCCH A/N.

One potential ambiguity by using two different TDD UL-DL configurations for UL and DL processes is that some of the subframes may be UL in one configuration and DL in another configuration. This problem can be solved by the L1 explicit signalling indicating the transmission direction of subframes to the UE, which would result in reduced amount of blind decoding/detection by the UE. Consequently, we propose to use the explicit signalling to indicate the UL/DL subframes to the UE.
The number of DL subframes used for the R12 UE is therefore flexible and under full control of the eNB scheduler. No ambiguity is possible with respect to UL/DL direction of subframes and UL scheduling and DL/UL HARQ timelines even when re-configuring the traffic ratio of DL to UL subframes. The eNB would not expect (nor schedule) UL data or UL control signals from a R12 UE in a subframe that corresponds to a DL subframe in the R8 cell-specific TDD UL-DL configuration or in DL subframes specified via the L1 explicit signaling.
The R12 UE supporting eIMTA will always monitor DL subframes based on the R8 cell-specific TDD UL-DL configuration (i.e. UL heavier configuration) for possible PUSCH grants, therefore, the number of UL subframes used for R12 UEs is under full control by the eNB scheduler and it is only bounded by the number of UL subframes available in UL-heavy frame configurations.
In consequence, R12 UL operation and HARQ timing for active HARQ processes are always based on cell-specific configuration and therefore, they do not change with dynamic traffic adaptation. As a result there is no interruption of UL HARQ/scheduling processes when the ratio of UL/DL subframes changes. R12 DL operation and consequently its HARQ timing in the UL are based on UE-specific RRC configuration. This means, there is no issue in terms of handling re-transmissions in currently active HARQ processes upon UL-DL reconfiguration.
Proposal 1:

A R12 UE follows the R8 cell-specific TDD UL-DL configuration in SIB1 for UL grant reception, UL data transmission and reception of related A/N.
A R12 UE follows the RRC signalled UE-specific TDD UL-DL configuration for transmission of DL HARQ A/N.
A DL subframe in the R8 cell-specific TDD UL-DL configuration (SIB1) is always a DL subframe for R12 UE’s.

An UL subframe in the R8 cell-specific TDD UL-DL configuration (SIB1) can be assigned by the eNB as either DL or UL subframe to R12 UEs.
A R12 UE receives the UL/DL direction of the subframes by the L1 explicit signalling (which in effect informs the UE of the direction of the subframes which are UL in the SIB1 cell-specific configuration and DL in the RRC signalled UE-specific configuration).
2.3 
Explicit L1 signaling

The primary reason for L1 explicit signalling was the motivation that the amount of blind decoding/detection by the UE could be reduced when compared to the case where the UE decodes every DL subframe for DL assignments and UL grants to determine the transmission direction of upcoming subframes.

Several design choices need to be made: contents of the new R12 re-configuration DCI, transmission timing and search space location and whether an acknowledgement procedure is introduced for the re-configuration DCI.

We propose that the re-configuration DCI indicates the TDD DL-UL frame configuration valid for the next upcoming scheduling period. The re-configuration DCI uses a new R12 group C-RNTI and is sent on PDCCH in CSS in a fixed designated subframe that is always DL. From Section 2.2, a R12 UE would only use this TDD UL-DL configuration to determine the UL/DL direction of the subframes. 
This designated DL subframe for the L1 signalling should ideally be a valid DL subframe for all existing R8 DL-UL frame configurations in SIB1, not carry broadcast signalling or paging, and ideally not have restrictions on PDCCH configuration like Special Subframes. SIB1 is transmitted in subframe #5. Paging as a function of the configured density of paging occasions will first use subframe #0, but not necessarily in every radio frame, then subframes #0 and #5, then subframes #0, #1 (SS), #5, #6 (SS) in increasing order. It may be considered to simply use subframe #0 given that there is no DL subframe that fulfils all criteria.
The scheduling period should be RRC configured and range from “one frame” up to around “320 frames”. Either SIB based R12 broadcast signalling could be used, or R12 UE’s supporting eIMTA could obtain the scheduling period during connection establishment / physical channel re-configuration procedures.

A re-configuration DCI should be sent at the beginning of a scheduling period. In order to avoid decoding for the presence of the re-configuration DCI in every DL subframe, a fixed transmission schedule should be used. 
As an example, if the eNB configuration allows for TDD DL-UL frame configuration to be changed every 40 ms, then the RRC configured scheduling period would be set to “4 frames”, and the re-configuration DCI would be decoded by the UE in all DL subframes #0 for radio frames n where SFN mod n = 4.

Instead of using a fixed transmission schedule for sending the re-configuration DCI, it could be considered to send the DCI only “when needed”, i.e. not rely on the use of a fixed transmission schedule. We note, however, that one of the difficulties with such an approach is that the UE can’t know whether it missed the re-configuration DCI which makes design of the fallback rule inherently more difficult. Another inherent issue with such an approach is that it would actually require an increase in UE blind decodes to account for the possible presence of such a re-configuration DCI in addition to unicast DL assignments and UL grants.
We do not think that it is possible to introduce an acknowledgement mechanism for broad-/groupcast type of DCI’s without significant specification efforts.

Proposal 2:

A new R12 re-configuration DCI indicates the DL-UL frame config valid for the next upcoming scheduling period.
The scheduling period is RRC configured.

The re-configuration DCI uses a new R12 group C-RNTI and is sent on PDCCH CSS in a designated subframe that is always DL, i.e. a fixed transmission schedule is used.
No A/N procedure for UE decoding of the broad-/groupcast type R12 re-configuration DCI is introduced.
2.4 
Fallback Operation

When a R12 UE supporting eIMTA misses the re-configuration DCI, the fallback solution should allow for continued DL reception by the R12 eIMTA UE at least in the fixed DL subframes.

Clearly, legacy UEs will always follow the R8 SIB1 TDD UL-DL configuration in the serving cell. R12 UEs supporting eIMTA will also decode the R8 cell-specific SIB1 UL-DL configuration at least during system acquisition.
To account for the possibility that a R12 UE fails to decode the re-configuration DCI’s, we propose that R12 UEs supporting eIMTA use the same signalled UE-specific UL-DL configurations as described in Section 2.2 and used for DL HARQ timing (timing of HARQ feedback for DL transmissions). This configuration would be more DL heavy than the cell-specific TDD UL-DL configuration and provide more opportunities for DL communication assuming the missed DCI indicated a more DL heavy configuration. 
The fallback rule is then that a R12 UE always decodes PDCCH in all DL subframes indicated by its R12 UE-specific RRC signaled TDD UL-DL configuration for possible DL assignments during the scheduling period when no explicit re-configuration DCI was decoded.

With the start of the next scheduling period, the UE would again try to receive the re-configuration DCI in the known subframes, and if one is decoded, follow the subframe directions indicated.

The penalty for not decoding the new R12 re-configuration DCI is therefore that the DL subframes indicated by the UE-specific TDD UL-DL configuration need to be monitored by that UE for the upcoming scheduling period.  An alternative would be to fallback to the UL heavy cell-specific configuration to minimize the blind decodes, but that would limit the opportunities for DL data reception until the next scheduling period.
Proposal 3:

When no re-configuration DCI is decoded for a scheduling period, the R12 UE decodes DL assignments in all DL subframes of its signalled UE-specific TDD UL-DL configuration.

3.
Conclusions and Recommendations

In this contribution, we presented our views on the open items left FFS in the working assumption to use Alt 2 Explicit L1 signaling with UE-group-common (e)PDCCH for TDD UL-DL reconfiguration.

In summary, we have the following proposals:
A R12 UE follows the R8 cell-specific TDD UL-DL configuration in SIB1 for UL grant reception, UL data transmission and reception of related A/N.
A R12 UE follows the RRC signalled UE-specific TDD UL-DL configuration for transmission of DL HARQ A/N.
A DL subframe in the R8 cell-specific TDD UL-DL configuration (SIB1) is always a DL subframe for R12 UE’s.

An UL subframe in the R8 cell-specific TDD UL-DL configuration (SIB1) can be assigned by the eNB as either DL or UL subframe to R12 UEs.
A R12 UE receives the UL/DL direction of the subframes by the L1 explicit signalling (which in effect informs the UE of the direction of the subframes which are UL in the SIB1 cell-specific configuration and DL in the RRC signalled UE-specific configuration).

A new R12 re-configuration DCI indicates the DL-UL frame config valid for the next upcoming scheduling period.
The scheduling period is RRC configured.

The re-configuration DCI uses a new R12 group C-RNTI and is sent on PDCCH CSS in a designated subframe that is always DL, i.e. a fixed transmission schedule is used.
No A/N procedure for UE decoding of the broad-/groupcast type R12 re-configuration DCI is introduced.
When no re-configuration DCI is decoded for a scheduling period, the R12 UE decodes DL assignments in all DL subframes of its signalled UE-specific TDD UL-DL configuration.
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