3GPP TSG-RAN WG1 #74 
R1-133581
August 19 – 23, 2013
Barcelona, Spain
Agenda item:    7.2.3.2
Source:             Qualcomm Incorporated
Title:                  Signaling mechanisms for TDD UL-DL reconfiguration
Document for:  Discussion/Decision 

1. Introduction
In 3GPP RAN1#73 meeting, the following agreement was agreed regarding dynamic indication of TDD DL/UL subframe configuration [1].
· Explicit layer 1 signaling of reconfiguration by UE-group-common (e)PDCCH

· FFS which search space is used for this signaling 

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

· FFS the necessary UL scheduling timing and HARQ timing signaling 

· Strive to avoid additional blind decodes 

In this contribution, we discuss solution of UE group common signalling and related specification issues. 
2. Discussion
2.1. DCI format 
If common PDCCH is used for UE group common signalling, one possible way would be to embed the UL-DL configuration information in the existing DCI format, such as DCI format 1A scrambled with SI-RNTI / P-RNTI / RA-RNTI or DCI format 3/3A, the reserved bits can be used to indicate TDD UL-DL reconfiguration. However, considering reliability and robustness, the PDCCH missed detection and false alarm probability can be higher due to the payload size of the existing DCI format. 
An alternative approach is to define a new DCI format. Since dynamic indication of TDD configuration is expected to be for UEs in RRC_Connected state only, the common PHY signalling can be based on a specific DCI scrambled with a new RNTI called DTC-RNTI (dynamic TDD UL-DL configuration RNTI). The selection of the 16-bit DTC-RNTI can follow the same rules as C-RNTI, e.g. avoiding RNTIs used by P-RNTI, SI-RNTI, RA-RNTI, TPC-RNTI etc. There could be one or more DTC-RNTI values per cell, wherein each of the group of UEs is configured to monitor one of the RNTI values. When using common control channel,
· The corresponding PDCCH CRC is scrambled by DTC-RNTI
· The actual indication of TDD UL-DL configuration is included in the payload of the new DCI format
· The number of blind decoding attempts should be kept to avoid additional UE implementation complexity
The size of the new DCI format can be small or similar to that of DCI format 1C. For example, 3-bit indicating the UL-DL configuration, 5 bits reserved, 16-bit CRC, resulting in a total of 24 bits, e.g. the same size as DCI format 1C under 1.4MHz or 6-RB system bandwidth. The size of new DCI format can be bandwidth independent so that the overhead of the common PHY signaling is minimized. 
Proposal 1: 

· A specific DCI format scrambled with a new DTC-RNTI can be used for dynamic TDD indication.
2.2. Search space
To maintain the same number of maximum number of blind decodes, the number of decoding candidates for new DCI format should be the same as DCI format 1C. However, the set of aggregation levels for new DCI format can be different from that of DCI format 1C, which has 4 decoding candidates for level 4, and 2 decoding candidates for level 8. This is because for a payload size of 24 bits, 2 CCEs (or 72 REs) results in a coding rate of 24/2(QPSK)/72 = 1/6, which should be enough to cover the majority of cases especially considering the small cell context. An example set of aggregation levels is {1, 2, 2, 1} for aggregation levels {1, 2, 4, 8}, respectively.
The group common PHY signaling can be transmitted in common search space (CSS). But it is a bit restrictive given the new DCI format would collide with common search space related operations, e.g., paging, RAR response, system information broadcast, etc. As a result, it is desirable not to limit the new DCI in the common search space. Another reason is to avoid the interference between the two reconfiguration messages transmitted from two neighboring cells. Two options to design the starting CCE in USS for the new DCI format:
· Option 1: RRC configured starting CCE
· Option 2: Starting CCE derived based DTC-RNTI
Option 2 is the way used in the current specification for PDCCH scrambled by C-RNTI. But option 1 provides the more flexibility to eNB to map the group common reconfiguration signalling. 
Proposal 2: 

· The new DCI format for TDD UL-DL reconfiguration is defined on the USS with the starting CCE either RRC configured or derived based on RNTI. 
2.3. Subframe Configuration
In order to keep the overhead reasonable, the group common signaling can be sent only on the predefined subframes, more specially only in the fixed DL subframes. Considering the latency for signalling decoding, the group common signaling received in the current frame is used to indicate TDD UL-DL configuration of the next frame. To allow both eNB and UE to have enough time to react to the new configuration, it is preferably to transmit the common PDCCH in early subframes of a frame. For example, as shown in Figure 1, the common PDCCH in subframe 5 of frame n-1 is used to indicate the TDD subframe configuration of frame n. 
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Figure 1: Example of subframe mapping for the group common signaling
More generally, the set of subframes for UEs to monitor the new DCI format can be pre-determined, e.g., in subframes 5 of all radio frames, or configured by higher layer signalling. UEs may monitor multiple subframes for a same TDD UL-DL configuration indication, in order to facilitate eNB control load balancing and its DRX operation. The transmission of the group common signalling in multiple subframes can greatly increase the reliability. Therefore, the PDCCH missed detection probability can be lower by joint decoding over multiple subframes. 
In subframes where the group common PDCCH is transmitted, the eIMTA UE may not be required to decode DCI format 1C. In other words, the new DCI format replaces format 1C for UEs to monitor in certain frames. The advantage is that there is no increase of the blind decoding attempts. The disadvantage is the reduced paging opportunity due to the loss of DCI format 1C in some subframes. Alternative solution is to allow both new DCI format and format 1C for UEs to monitor in the same subframe. In case the size of new DCI format is same as the DCI format 1C, some bits inside the payload shall be used to differentiate with DCI format 1C. If a different payload size is used, in order to maintain the same number of blind decodes we can split the decoding candidates between new DCI format and format 1C in one subframe for UE to monitor. For example, 3 decoding candidates for new DCI format for TDD UL-DL reconfiguration and 3 decoding candidates (two for level 4 and 1 for level 8) for DCI format 1C. 
Proposal 3: 

· The new DCI format for TDD UL-DL reconfiguration can be sent only on a set of fixed DL subframes, which can be pre-determined or configured by higher layer signaling.
· The coexistence of the new DCI format and format 1C in same subframe can be defined. In such case specification work is required to define correct UE behavior.  
2.4. Supporting CoMP Scenario 4 and HetNet 
For a UE operating CoMP, the group common signalling needs to indicate the UL-DL configurations of multiple TPs [2]. For CoMP scenario 4, where multiple transmission points share the same cell ID, the differentiation of the new DCI format for multiple transmission points shall be supported. There could be different ways to address this issue. 
Option 1: Different search space by configuring different starting CCE 
This is based on the assumption that the starting CCE of the new DCI format can be higher layer configured. UEs attached to the same transmission point will be grouped and assigned with one starting CCE.
Option 2: Same search space but with TP specific index 
It is possible to use the same search space, but within the DCI format, further including an index identifying a transmission point within the same cluster of the same PCI. This is similar to DCI format 3/3A based group power control, where each TPC index corresponds to a particular UE. The disadvantage of this option is the increase of the payload size. 
Option 3: multiple DTC-RNTI configured for different transmission points 
That is, for the same PCI, UE is required to monitor two or more DTC-RNTIs. The corresponding search space for the two or more DTC-RNTIs can be the same or separately defined, e.g. based on each individual DTC-RNTI.
Similarly, to support ICIC in dynamic TDD UL-DL reconfiguration, the time location of the group common PDCCH can be different for different cells due to the possibility of operating restricted subframe sets. An example is shown in Figure 2.
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Figure 2: Example of the group common signaling subframe mapping for eICIC

Proposal 4: 

· The indication of dynamic TDD configuration needs to also support CoMP scenario 4 and HetNet. 
2.5. EPDCCH for dynamic TDD indication
Generally, supporting dynamic TDD indication via EPDCCH is not preferable since by now EPDCCH only contains UE-specific search space. However, it is possible to support the group common EPDCCH for TDD UL-DL reconfiguration as well but not preferable since the current EPDCCH is dedicated for unicast.
Proposal 5: 

· The indication of dynamic TDD configuration via EPDCCH is FFS. 
3. Conclusions
According to above analysis of the group common PHY signalling for TDD UL-DL reconfiguration, we propose that
Proposal 1: 

· A specific DCI format scrambled with a new DTC-RNTI can be used for dynamic TDD indication.
Proposal 2: 

· The new DCI format for TDD UL-DL reconfiguration is defined on the USS with the starting CEE either RRC configured or derived based on RNTI. 
Proposal 3: 

· The new DCI format for TDD UL-DL reconfiguration can be sent only on a set of fixed DL subframes, which can be pre-determined or configured by higher layer signaling.
· The coexistence of the new DCI format and format 1C in same subframe can be defined. In such case specification work is required to define correct UE behavior.  
Proposal 4: 

· The indication of dynamic TDD configuration needs to also support CoMP scenario 4 and HetNet.
Proposal 5: 

· The indication of dynamic TDD configuration via EPDCCH is FFS. 
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