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1 Introduction

The following were agreed in RAN1#74 regarding the L1 signaling for adaptation of a TDD UL-DL configuration:   

· Explicit L1 signaling of reconfiguration by UE-group-common (e)PDCCH

· The L1 signaling is used to at least inform the UE the DL subframes to detect (e)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling is FFS

· FFS if the UE group common reconfiguration signaling is designed such that 

· It is carried by DCI in common search space.  

· Multiple reconfiguration indicators (e.g. for CA, COMP scenario 4) can be multiplexed into one DCI, where each reconfiguration indicator represents one of seven existing TDD UL/DL configurations. 

· FFS whether reconfiguration indicator(s) in DCI can be multiplexed with information other than reconfiguration indicator(s), padding bits and CRC. 

· FFS to choose DCI length from two existing DCI lengths for DCI-1C and DCI-0/1A/3/3A.

This contribution considers the above FFS aspects and additional aspects related to L1 signaling by UE-group-common PDCCH for adapting a TDD UL-DL configuration. 
2 UE-group-common PDCCH for TDD UL-DL Reconfiguration
In eIMTA, groups of UEs can experience similar interference in flexible subframes [1]. For example, for sector-based cells with directional antennas, a first UE located near a first interfering cell can experience interference according to the TDD UL-DL configuration in the first cell while a second UE located near a second interfering cell can experience interference according to the TDD UL-DL configuration in the second cell. Therefore, the subset of flexible DL subframes where a first CSI measurement report is applicable and the other subset of flexible DL subframe where a second CSI measurement report is applicable can be different for the first UE and second UE. Similar, the subset of flexible UL subframes where a first UL power control process is applicable and the other subset of flexible UL subframes where a second UL power control process is applicable can be different for the first UE and second UE. 

UE-group-common PDCCH signaling, using a UE-group specific eIMTA-RNTI, allows for the above subsets of flexible DL subframes and flexible UL subframes to be indicated to each group of UEs. An alternative is to include this indication in a DCI format performing DL/UL scheduling but this can be less efficient in terms of overhead (if a new 1-bit field is introduced) and/or requires modification/re-interpretation of one or more fields in existing DCI formats possibly with detrimental consequences depending on the respective restrictions.  
Table 1 provides information fields in a DCI format for a TDD UL-DL reconfiguration. It is assumed that any of 6 TDD UL-DL configurations can be indicated (TDD UL-DL configuration 0 does not need to be indicated as, if it could be supported by reconfiguration, it can be the fallback configuration). Therefore, at most 3 bits are needed (2 bits can be used instead depending on possible restrictions resulting from the SIB1-signaled configuration) and up to 5 subframes are flexible (subframes 0, 1, 2, 5, and 9 are fixed).
Table 1: Information fields in a DCI format for TDD UL-DL reconfiguration

	
	Size (bits)
	Information

	TDD UL-DL configuration
	3
	Adapted TDD UL-DL configuration

	Flexible DL subframes for first and second CSI reports and flexible UL subframes for first and second UL power control processes.
	5
	A single bit-map indicating both flexible DL subframes associated with each of the two CSI reports and flexible UL subframes associated with each of the two UL PC processes 


Observation 1: The UE-group-common PDCCH indicating a new TDD UL-DL configuration can also indicate the subframes for the second UL power control process and the subframes for the second CSI measurements.  
Signaling by UE-group-common PDCCH for CA case or CoMP scenario 4

For a UE configured with CA, the TDD UL-DL configuration in each cell may be independently adapted. Then, multiple TDD UL/DL configurations need to be signaled. A DCI format with payload as DCI format 0/1A or as DCI format 1C in the Common Search Space (CSS) can be used for adaptation of a TDD UL/DL configuration in each cell. A 3-bit field indicating a TDD UL/DL configuration and a 5-bit field indicating either flexible DL subframes for first and second CSI reports or flexible UL subframes for first and second UL power control processes can be included for a number of cells determined by the DCI format payload. Denoting by 
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 the payload (without including CRC) of the DCI format adapting a TDD UL-DL configuration, a total of  
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 bits can be padding bits. The order of the information for each cell in the DCI format can be configured by higher layers or, as usual, be derived according to each cell index. For example, at 10 MHz, a DCI format with payload as DCI format 0/1A can provide TDD UL-DL reconfiguration for 3 cells which is sufficient in practice. In case of 4 or more cells, additional DCI formats with different RNTIs can be used.
For CoMP scenario 4, a UE can be dynamically scheduled by different RRHs and the TDD UL-DL configuration for each RRH can be independently adapted. Although, due to strong coupling loss, eIMTA for CoMP scenario 4 is not likely, the same signaling as for CA can be used so that the applicability of eIMTA to CoMP scenario 4 does not require additional specifications and can be left to implementation. However, if a UE communicates with different RRHs during a TDD UL-DL reconfiguration period, the UE should be aware of the RRH it communicates with at a given flexible subframe in order to know the subframe for subsequent UL transmissions. Therefore, for eIMTA with CoMP scenario 4, a UE should communicate with a same RRH during a TDD UL-DL reconfiguration period. 

Observation 2: A UE-group-common PDCCH conveying a DCI format with same size as DCI format 0/1A can support TDD UL-DL reconfiguration for CA or CoMP scenario 4 for up to 3 cells. 
A UE can be configured with an eIMTA-RNTI (an eNodeB can configure the same eIMTA-RNTI to multiple UEs, for example by considering the respective interference in flexible TTIs) and it can then interpret a detected DCI format with size equal to DCI format 1C or 0/1A and with CRC scrambled with eIMTA-RNTI as indicating a TDD UL-DL reconfiguration. The cost in available RNTIs is trivial (e.g. ~3 eIMTA-RNTIs should typically suffice).  
Observation 3: UE-group-common PDCCH signaling for TDD UL-DL reconfiguration can be with a DCI format with same size as DCI format 0/1A and/or DCI format 1C.  

Improving Reliability and Robustness of UE-group-common PDCCH 
There are two aspects regarding the reliability of a PDCCH detection; the first is whether a UE will detect the PDCCH (probability of false detection is negligible, particularly if there are spare bits in the DCI format to serve as virtual CRC) and the second is for the UE to inform the serving NodeB of whether the PDCCH is missed. 
A PDCCH using DCI format 0/1A and/or DCI format 1C can achieve a BLER of 1% at SINRs below -5 dB for aggregation level of 8 CCEs (no power boosting). For TDD UL-DL reconfiguration, as the actual information payload in a DCI format 0/1A or a DCI format 1C is expected to be smaller than the conventional payload (i.e. some bits can be set to a predetermined value), the required SINR for a 1% BLER is less than -6 dB. Therefore, particularly for small cell scenarios under consideration where respective geometries are always above -5 dB or even above 0 dB (e.g. [2]), practically all UEs can be expected to detect the PDCCH informing of a new TDD UL-DL configuration. Therefore, reliability is not an issue. 

Nevertheless, as the event for a UE failing to detect the PDCCH providing the new TDD UL-DL configuration has a non-zero probability, and is certain for UEs in DRX mode in the subframe of the PDCCH transmission, the UE behavior when there is no PDCCH detected for TDD UL-DL reconfiguration needs to be specified. A fallback configuration can be the SIB1-signaled configuration. A separate configuration that is signaled by higher layers can be considered for fallback operation if it can be justified why a UE operating with a non-adapted configuration should not operate as a legacy UE. An associated issue then is how the serving eNodeB can know whether a particular UE failed to detect the PDCCH providing the new TDD UL-DL configuration. 
For a UE in DRX mode when the NodeB transmits the PDCCH signaling the reconfiguration, the NodeB can know that the UE missed the PDCCH. If the PDCCH transmission is in predetermined subframe(s), a UE in DRX mode also knows that it missed the PDCCH. Then, the same understanding exists between the NodeB and the UE regarding the subsequent fallback operation, unnecessary UE functionalities such as measuring/reporting a second CSI/IMR are avoided, and other inefficiencies such as ones related to HARQ-ACK signaling are also avoided. Moreover, if the PDCCH signaling the reconfiguration is transmitted in multiple subframes of a same TDD UL-DL configuration, it is easier to manage DRX cycles of UEs, eIMTA can be supported for a larger number of UEs, and a larger throughput gain can be achieved.
Observation 4: The SIB1-signaled configuration can be used for fallback operation. It is beneficial to use several predetermined subframes to transmit the PDCCH signaling the reconfiguration.  

For a UE in non-DRX mode when the NodeB transmits the PDCCH signaling the reconfiguration, one alternative is to simply ignore the event of the UE missing the PDCCH in that case as, due to the high reliability of the PDCCH signaling the reconfiguration, an associated throughput loss will be minimal. A NodeB can know of such event as the UE should report OOR values for the second CSI/IMR associated with some flexible subframes. Another alternative is to support HARQ-ACK for the UE-group common PDCCH by configuring a UE-specific PUCCH resource (needs to be used only once during a TDD UL-DL configuration period – minimal additional overhead or no additional overhead if the HARQ-ACK is multiplexed with other UE-specific HARQ-ACK).   
Observation 5: If needed, HARQ-ACK feedback for the UE-common PDCCH signaling the reconfiguration can be supported with minimal or no additional PUCCH overhead.   
3 Conclusions
This contribution considered the remaining aspects regarding the L1 signaling by UE-group-common PDCCH for the adaptation of a TDD UL-DL configuration. In particular, the following are proposed:

Proposal 1: The UE-group-common PDCCH indicates the adapted TDD UL-DL configuration and the flexible UL/DL subframes for the second UL power control process and the second CSI measurements, respectively.
Proposal 2: The UE-group-common PDCCH conveys a DCI format having a same size as DCI format 0/1A and/or DCI format 1C in the CSS and is transmitted in multiple predetermined subframes during a TDD UL-DL configuration period. 
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