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1. Introduction

In RAN1#74, the working assumption on explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH was confirmed. In this contribution we discuss further signaling formats, possible fallback solution to improve reliability and robustness of the explicit solution and common signaling scenarios with CA.
2. Signalling format
We here discuss three possible alternatives for common physical signalling:
1. Reusing an existing DCI with a new common RNTI

2. PCFICH like signalling
3. Reusing common DCI for SIB1 scheduling

In alternative 1, a current DCI format used for the signalling with a new common RNTI assigned so that only Release 12 flexible TDD capable UEs can receive the signalling. Since only 3 bits are needed for TDD reconfiguration indication, the current DCI format 1A can be reused allowing plenty of repetitions to improve the reliability of the signalling. Additionally, the included CRC will allow the UE to know whether the signalling has been correctly received or not. Since there are still 9 RNTI values reserved for future use[1], there should be no problem with assigning a new RNTI for this purpose. The new signalling can be either transmitted in CSS or in CCEs reserved for this purpose. Considering that this signalling only happens once every 10 ms and in subframe 0, the impact to the load of the common search space is not seen as significant.

In alternative 2, some resources are reserved and PCFICH like coding can be reused to convey the 3 bit message.. This method can achieve similar reliability as PCFICH e.g. 0.1% BLER, but since there is no CRC, the UE will not be able to detect whether the signalling has been correctly received or not.
In alternative 3, the existing common DCI used for SIB1 scheduling is reused to indicate TDD UL/DL configurations for eIMTA UEs. For example, DCI format 1A scrambled with SI-RNTI in subframe#5 of radio frames for which SFN mod 2=0 can currently be used for SIB1 scheduling [1]. When used for SIB1 scheduling, the  HARQ process number and DAI (in total 6 bits for TDD) are reserved[2]. These reserved 6 bits can then be reused for TDD configuration indication. This alternative requires no additional blind decodes. However, the reliability of is inherently the same as for SIB1 scheduling and may not be as high as alternatives 1 or 2. The reliability can be further improved by repetition, since there are 6 bits reserved bits and TDD configuration indication only requires 3 bits. 
The pros and cons of three alternatives are summarized in the table below.
Table 1. Summary of pros and cons for the common signaling alternatives.
	Alternative 1

Reusing an existing DCI with new RNTI
	Alternative 2

PCFICH like design
	Alternative 3

Reusing common DCI for SIB1 scheduling

	Pros
	Cons
	Pros
	Cons
	Pros
	Cons

	· Reliability can be increased by repetition bits and  CCE aggregation
· Has CRC

· Can be in CSS or reserved CCEs
	· Increased CSS load
· Need additional blind decodes
	· Reliability similar PCFICH
	· No CRC

· Additional decoding of a new channel
	· Has CRC

· Does not increase common search space load

· No additional blind decodes
	· Reliability is similar as SIB1 scheduling. Can be further improved by repetition.
· Minimum 20 ms periodicity


Proposal 1: Adopt common DCI with a new RNTI as the common signalling in eIMTA.
3. Fallback solution for common signalling 
If the signalling indicating TDD UL/DL configuration is missed or not correctly decoded, the UE will have a different understanding of the actual TDD UL/DL configuration used by the eNB. However, once a reference TDD configuration has been set semi-statically, the UE’s incorrect assumption about UL/DL configuration will not cause errors in the HARQ timing. In case the new configuration has more DL subframes than the previous configuration and UE misses the reconfiguration signaling, the UE will consider the newly configured DL subframes to be UL subframes. This will have the following impacts:

· The UE will not detect DL control and data in the newly configured DL subframes, and hence miss the DL transmission in those. This can be detected by the eNB via continuous PUCCH DTX detection for corresponding UL subframes and the eNB can adjust its scheduling knowing the reconfiguration signaling was missed.
· A properly configured DL reference TDD configuration will prevent the UE from sending ACK/NACK or non-adaptive UL retransmissions in subframes that can be reconfigured to as DL. Then, the UE should not send ACK/NACK or non-adaptive UL retransmission in subframes newly configured as DL and interference from UE’s PUCCH can be avoided.
· In case periodic CQI is configured, the UE could potentially send CQI in the newly configured DL subframes, but this can be avoided by not configuring periodic CQI reports in subframes that the eNB wants to be available for reconfiguration.
Similarly, in case the new configuration has more UL subframes than the previous configuration and the UE missed the reconfiguration signaling, then UE will still consider the newly configured UL subframe to be DL subframes. This will have the following impacts:

· In case the eNB schedules PUSCH for the newly configured UL subframe, the UE may ignore it, since it considers the subframe as a DL subframe. This will result in wasted UL resources.
· The UE may measure on the newly configured UL subframe for CQI, leading to erroneous reports, but since the eNB will not schedule DL in these flexible subframes, these erroneous CQI reports will not be used causing no other consequences that wasted UE power.
Based on above analysis, and considering that due to the low payload size the reconfiguration signalling can be designed for lower error rate than normal PDCCH, the UE not detecting the reconfiguration will not cause any significant problems for the system and proper eNB implementation can solve/reduce the impacts further.  

Observation 1: The UE missing the TDD reconfiguration signalling will not cause any significant problems and proper eNB implementation can further reduce the problem.
4. Common signalling in scenarios with CA
When eIMTA is deployed together with CA, it was observed that there is a problem with indicating the Scell’s TDD configuration using common signalling. This is due to the Scell index being a UE-specific parameter that cannot be included in common signalling. An alternative would be to include the ARFCN, but this is also problematic since each ARFCN is 16 bits and too large to be included in physical layer signalling considering that there can be up to four Scells. 
The problem can easily be solved by enabling Scell common search space monitoring for the UE at the cost of a higher number of blind decodes. Another possible solution is to map UE’s Scell index to specific bits in the common signalling, and which bits are configured by higher layer signalling. Then the eNB uses these bits to indicate for which Scell the TDD configuration is intended. Considering there are totally four Scells, four bits would be needed to indicate for which Scell the TDD configuration is intended.
Observation 2: The problem with indicating the UL/DL configuration for the SCell can be solved by enabling Scell CSS monitoring or by configuring a common Scell index mapping with higher layer signalling and including additional bits in the common signalling to indicate the Scell for which the reconfiguration is intended.

5. Conclusions
In this paper, we analysed common signalling design in TDD eIMTA and have the following proposal and observations:
Proposal 1: Adopt common DCI with a new RNTI as the common signalling in eIMTA.
Observation 1: The UE missing the TDD reconfiguration signaling will not cause any significant problems and proper eNB implementation can further reduce the problem.
Observation 2: The problem with indicating the UL/DL configuration for the SCell can be solved by enabling Scell CSS monitoring or by configuring a common Scell index mapping with higher layer signalling and including additional bits in the common signalling to indicate the Scell for which the reconfiguration is intended.
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