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1. Introduction

Discussions on fast and reliable signaling mechanisms for the TDD UL/DL reconfiguration led to the selection of explicit common L1 signaling. The details of the agreement at RAN1 #74 are as follows:
· Confirm working assumption and agree on explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH.
· The L1 signaling is used to at least inform the UE the downlink 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 addresses these outstanding details required to complete the L1 signaling mechanism. We also discuss the need for robust signaling for UL/DL reconfiguration.
2. Discussion
2.1. Reconfiguration time scale

For explicit L1 signaling design it is instructive to consider realistic time scales for UL/DL reconfiguration. Although considerable system gain is provided by faster adaptation of the UL/DL configuration, the network must still make reconfiguration decisions based on both network and UE-assisted measurements. For example, many simulation results shown so far (see e.g. [1]) assume that the eNB selects the UL/DL configuration based on the DL and UL data buffers. Such considerations require timely measurements/reporting from the UE. For instance, the UE is configured to send buffer status reports to the eNB. If an UL grant is not available, the UE first transmits a scheduling request – or random access preamble if no scheduling request resource is configured – which incurs some latency. Even for small cell deployments with only a few RRC-connected users per cell, inter-cell interference may still be severe enough to warrant at least one PUSCH retransmission. Therefore, even for the UL-friendly Configuration #0, a minimum of 20 ms may be required to receive and process UL buffer status reports before selecting the UL/DL configuration. These latency realities are also observed for DL interference measurements inferred from CSI reports. 

Observation: the latency of UE-assisted measurement reports places a practical lower bound of at least 20ms on the time scale for UL/DL reconfiguration. 

2.2. Search Space

In LTE Releases 8 – 11, common control signaling is transmitted in the common search space (CSS) on the PDCCH. As the UE-specific search space depends on the C-RNTI and subframe index within a radio frame it is difficult to determine a common set of CCEs that would allow a group-common search space to be defined. Therefore, the reconfiguration PDCCH should be transmitted in the PDCCH CSS.  Regarding EPDCCH as there is no CSS currently defined for the EPDCCH, it is not necessary to start specification work on EPDCCH CSS in Release 12 simply to support TDD UL/DL reconfiguration as the PDCCH CSS should suffice. 
Proposal: the UL/DL reconfiguration command is transmitted in the PDCCH CSS.

2.3. DCI Format and Payload Contents
To avoid an increase in the number of blind decodes, the payload size for either DCI Formats 0/1A/3/3A or 1C can be reused for UL/DL reconfiguration. Different types of information can be signaled in the reconfiguration PDCCH depending on the desired operational flexibility:

1) Signaling of UL/DL configuration: it is already agreed that the reconfiguration signaling indicates the set of DL subframes to monitor for PDCCH/EPDCCH and, possibly, subframe references for CSI measurements. Considering that the set of flexible subframes are {3, 4, 7, 8, 9}, 3 bits are required in the DCI. 
2) Signaling of power control process or CSI reference: additional operational flexibility can be provided in the PDCCH by signaling the set of subframes that are assigned to a first power control process (the second subframe set is implicitly indicated by explicitly signaling the first) [2]. For this purpose a length-5 bit map corresponding to the set of flexible subframes could be added to the DCI.  Similarly, two subframe sets can be dynamically signaled for CSI measurements.
3) Signaling for SCells and/or CoMP Scenario 4: a Release 10/11 UE that is configured for CA does not monitor the CSS on a SCell. Therefore, if a UE is configured for eIMTA on multiple serving cells, the reconfiguration PDCCH in the PCell CSS may need to support reconfiguration for SCells. A similar issue is observed for CoMP Scenario 4 if transmission points (TPs) can use different UL/DL configurations.
a. Note that if both CA and CoMP are configured a more judicious approach would be to cap the payload size by limiting the possible combinations of serving cells and transmission points.
Since there are different possible combinations we consider two extreme cases. For only indicating the UL/DL reconfiguration 3 bits are required per serving cell. Without CA or CoMP, DCI Format 1C is sufficient to support both reconfiguration and indication of subframe sets for UL power control (up to 8 bits) as shown by the payload sizes in Table 1. However if CA and/or CoMP is desired the larger size of DCI Format 1A would be required. 
Table 1 Payload sizes for 1C and 0/1A/3/3A in CSS

	System bandwidth (NRB)
	1C
	0/1A/3/3A in CSS

	6
	8
	23

	15
	10
	25

	25
	12
	27

	50
	13
	29

	75
	14
	30

	100
	15
	31


Supporting CA and/or CoMP is problematic if a reconfiguration PDCCH is transmitted in the CSS because these features are UE-specific. For instance, even though two UEs share the same PCell, the combination (and indexing) of SCells are not necessarily the same. There are two possible solutions to this problem:
Option 1: One solution to this problem was mentioned in [3] where the group power control concept of DCI Format 3/3A can be reused to support multiple reconfiguration indicators. Each reconfiguration indicator can be used for a combination of serving cell or TP. An example usage is shown in Figure 1, where the DCI is divided into N reconfiguration indicators. Hence, a UE can be configured with the reconfiguration indexes corresponding to its configured serving cell or TP. Furthermore, padding bits can be added to match the DCI to DCI Format 0/1A/3/3A. 
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Figure 1 Assignment of reconfiguration fields in DCI Format 0/1A/3/3A payload size to support multiple reconfiguration indicators

Option 2: an alternative option is to configure independent reconfiguration schedules per serving cell or TP. Specifically, for each configured serving cell or TP, the UE is configured with a subframe periodicity and subframe offset where the UE monitors the common search space for a reconfiguration PDCCH with the CRC scrambled by a TDD-specific RNTI as described in more detail below. 

RNTI Usage

When an existing DCI payload size is reused for UL/DL reconfiguration, a new TDD-specific RNTI can be used to distinguish the UL/DL reconfiguration command from other information types. This could potentially increase the false alarm rate depending on the position of the RNTI value within the 16-bit RNTI space. However, there is some flexibility in selecting the value e.g. from the reserved part of the RNTI space. Furthermore, the eNB can always configure separate schedules for transmitting SI, paging and UL/DL reconfiguration. By defining suitable SI windows and SI periodicities it may be possible to ensure that UL/DL reconfiguration commands indicated by a new RNTI do not collide with SI messages indicated by the SI-RNTI. 
Proposal:
· Reuse DCI format 0/1A/3/3A payload size for signaling an UL/DL reconfiguration

· If CA and/or CoMP is supported, 
· Option 1: reuse the of DCI format 3/3A concept of group assignment indexes, or
· Option 2: a UE can be configured with different UL/DL reconfiguration schedules per configured serving cell or TP. 
· Introduce a new TDD-specific RNTI for UL/DL reconfiguration.
2.4. Reliability of common signalling

One drawback of common signalling is the absence of HARQ-ACK feedback to indicate whether the UE received the PDCCH. Although signalling reliability can be improved by using a higher aggregation level, this may not be possible for lower system bandwidths where CSS capacity is limited. Moreover, if DCI Format 1A is reused, the larger payload size – compared to 1C – may limit the potential coding gain from an increased aggregation level. If the reconfiguration time scale is relaxed to say 30 or 40 ms, it is also possible to use the concept of a change modification period. Specifically, if the UL/DL reconfiguration takes place at a radio frame boundary, the eNB can transmit multiple and identical reconfiguration PDCCHs within a modification period. A detection of at least one reconfiguration PDCCH indicates to the UE that a change in the UL/DL Configuration takes effect at the next reconfiguration boundary. This approach improves the robustness of UL/DL reconfiguration and is aligned with similar procedures used for other common signalling such as PBCH and SIBs. 
Proposal: introduce the concept of a change modification period for reliably signalling a change in the TDD UL/DL configuration.

3. Conclusion

This contribution studied several design aspects of explicit L1 signaling for TDD UL/DL reconfiguration. Our observations/proposals are as follows:
· Observation: The latency of UE-assisted measurement reports places a practical lower bound on the time scale for UL/DL reconfiguration. 

Proposals
· The UL/DL reconfiguration command is transmitted in the PDCCH CSS.
· Reuse DCI format 0/1A/3/3A payload size for signaling an UL/DL reconfiguration

· Introduce a new TDD-specific RNTI for UL/DL reconfiguration.

· If CA and/or CoMP is supported 
· Option 1: reuse the of DCI format 3/3A concept of group assignment indexes, or

· Option 2: a UE can be configured with different TDD UL/DL reconfiguration schedules per serving cell or TP. 

· Introduce the concept of a change modification period for reliably signalling a change in the TDD UL/DL configuration.
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