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1. Introduction

In RAN1#72bis meeting, signaling schemes for TDD reconfiguration under different time scales were discussed and the following agreement was reached [1]
· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)

· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 

· PHY signaling (not including PBCH/MIB signaling), or 

· MAC signaling

· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe

Note:    “PHY signaling” includes possibility of 

· UE specific or UE common signaling

· Using either existing or newly defined DCI formats

In this paper, the left signaling schemes are further discussed and compared, and finally give our view.
2. Discussions
According to the agreement in RAN1#72bis meeting, the left signalling schemes are 
· Implicitly physical signalling
· Explicitly common physical signalling
· Explicitly UE dedicated physical signalling
· MAC signalling
In the following sub-sections, we analysed and compared above signalling.
2.1. MAC signalling or physical signalling
MAC signalling firstly is a UE dedicated signalling, which will not prior to common signalling as analysed in section 2.1. The benefit of MAC signalling over physical signalling is the existence of HARQ functionality, which will increase the reliability of reconfiguration signalling. But on the other hand, due to such HARQ functionality, the periodicity of TDD reconfiguration varies in large range because of different retransmission times, and also because of different HARQ RTT for different TDD configuration and different DL subframes. For example, the maximum DL HARQ RTT is e.g. 17ms in TDD configuration 5, with assuming the total four retransmissions the total delay is nearly 70ms. So either the periodicity of MAC signalling takes 70ms as the TDD reconfiguration periodicity, or the periodicity need to be configurable for different TDD configurations.

Physical signalling can be correctly received with short delay. And the reliability of physical signalling can be made higher than PDCCH because of small low payload size e.g. 3 bits. Besides, CCE aggregation helps to further increase the reliability. To summarize, the pros and cons for MAC signalling and physical signalling is in the following table

Table 3 Summarization of pros and cons for MAC signaling and physical signaling

	MAC signalling
	physical signalling

	Pros
	Cons
	Pros
	Cons

	· Reliable because of HARQ functionality
	· Ambiguity period

· Cannot enable flexible TDD for group of UEs at the same time

· Periodicity is large considering HARQ retransmissions and DL HARQ RTT in TDD configurations
	· Can realize 10ms periodicity
	· Reliability is lower but can be improved by enlarging CCE number and low payload size


2.2. Implicitly signalling or explicitly signalling
Implicitly signalling does not require explicitly signalling and transmission direction of subframes is derived by UE based on scheduling grant. This solution does not introduce additional TDD reconfiguration signalling overhead at all and does not need to specify additional physical signaling for TDD reconfiguration. However, implicitly signalling will increase UE power consumption, since UE need to monitor all flexible subframes even when these subframes are UL subframe, unless a UL grant to schedule PUSCH in this subframe had been detected. Besides, because UE does not know the actually transmission direction of a subframe where neither PDSCH nor PUSCH had been schedueld, UE will measure and report erroneous CQI [2]. Although eNB can know which CQI report from UE is erroneous, still such kind of measurement report is unnecessary and a waste of UE’s power. Furthermore, the reliability of implicitly signalling relies on PDCCH which operates in 1% BLER. Such BLER is very high considering that the wrong transmission direction will results in severe UE-to-UE interference and waste of resource.

Explicitly signalling can indicate TDD configuration change to UE clearly and UE know exactly transmission direction in each subframe based on reconfiguration signalling detection. So this avoids power waste on unnecessary PDCCH monitoring and CQI measurement and report. To summarize, the pros and cons for implicitly signalling and explicitly signalling is in the following table

Table 2 Summarization of pros and cons for implicitly signaling and explicitly signaling

	Implicitly signalling
	Explicitly signalling

	Pros
	Cons
	Pros
	Cons

	· Do not introduce new signalling and no signalling overhead
	· Reliability is very low

· Power wasting on unnecessary PDCCH monitoring

· Power wasting on unnecessary CQI measurement and report
	· No power wasting on unnecessary PDCCH monitoring and CQI measurement and report
	· Introduce signalling overhead and new signalling design


2.3. UE dedicated signalling or common signalling
UE dedicated signalling for TDD reconfiguration indication allows flexible TDD to be enabled on UE basis. This allows more flexibility that flexible TDD only enabled for UE with instantaneously traffic, and UE with periodic traffic e.g. VoIP service can still use legacy TDD configuration to save power. But UE-specific enabling/disabling of flexible TDD can also be realized via RRC signalling, then in such case,   common signalling can provide same benefit. Another benefit of UE dedicated signalling is that it can set specific parameters e.g. PC parameters additionally for UEs in cell edge and cell centre when TDD configuration is changed. But we think such kind of parameters can be set by RRC signalling since PC parameters for specific UE will not dynamically changed. One more benefits for UE dedicated signalling is to save overhead for common search space. But considering such signalling happens once every 10ms, the additional signalling overhead is not much. Besides, for example in subframe 0, there only has paging and does not have PDCCH for SIB scheduling, the load for common search space is not large. Furthermore, for some common signalling solutions, there even do not need extra common signalling. 
The common signalling can be transmitted in PDCCH/ePDCCH common search space, or, other predefined/configured control resources for all relevant UEs to detect, then from system signalling overhead point of view, common signalling can further save the control signalling overhead. Moreover, common signalling can change TDD configuration for a group of UEs at the same time, which cannot be achieved by UE dedicated signalling. To summarize, the pros and cons for UE dedicated signalling and common signalling is in the following table
Table 1 Summarization of pros and cons for UE dedicated signaling and common signaling

	UE dedicated signalling
	Common signalling

	Pros
	Cons
	Pros
	Cons

	· Enable flexible TDD per UE basis
· Set specific parameters

· Save CSS overhead
	· Cannot enable flexible TDD for group of UEs at the same time
· System control overhead is high
	· Enable flexible TDD per UE basis with RRC signalling
· Set specific parameters with RRC signalling
· enable flexible TDD for group of UEs at the same time

· System control overhead is low
	· Increased CSS overhead a little for some solutions


Based on analysis in above sections, we have the following proposal
Proposal 1: Adopt common physical signalling to indicate TDD reconfiguration for TDD eIMTA.
3. Common physical signalling candidates
Based on the discussions in last section, we could see that common physical signalling is a promising way forward. In this section we discuss further the candidate solutions for common physical signalling. Basically, there has following candidates for common physical signalling
· Alternative 1: Reusing common DCI with new common RNTI

· Alternative 2: PCFICH like signalling
By alternative 1, current DCI format is reused, and new common RNTI can be assigned so that only R12 flexible TDD UEs can receive such signalling. For example, current DCI format 1A can be reused, since only 3 bits are needed for TDD reconfiguration indication, there have plenty of repetitions to improve the reliability of such signalling. Moreover, by checking CRC, UE could know whether such signalling is correctly received or not. For RNTI value, there still have 9 RNTI values reserved for future use [3], so no problem for new RNTI assignment. Such common signalling can be either transmitted in CSS, or transmitted in reserved CCEs. Considering that such signalling happens once every 10ms and in subframe 0, there only has paging and does not have PDCCH for SIB scheduling, the impact on load of common search space is not seen significant.
By alternative 2, some resource can be reserved and PCFICH like coding can be reused for new common signalling. Such method can achieve similar reliability with PCFICH e.g. 0.1% BLER but since there has no CRC, UE could not know whether such signalling is correctly received or not.
The pros and cons of three common signalling candidates are summarized in the below table

Table 4 Summarization of pros and cons for common signaling candidates
	Alternative 1

Reusing common DCI with new RNTI
	Alternative 2

PCFICH like design

	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
	· PCFICH similar reliability
	· No CRC


Proposal 2: Further discuss common signalling candidate solutions.
4. Erroneous reception of signalling 
If signalling to indicate TDD UL/DL configuration is missed or not correctly decoded, then inconsistent understanding for actual TDD UL/DL configuration happens between UE and eNB, however, it should be noted that once a reference TDD configuration is set semi-statically, then the misunderstanding will not affect the HARQ timing. Then in case a new configuration has more DL than previous configuration and UE missed the reconfiguration signaling, then UE may still consider the new configured DL subframes as UL. It will have the following impact:

· UE will not detect DL control and data in the newly configured DL subframes, then miss the DL transmission there; This can be detected by eNB via continuous detection of DTX in PUCCH channel for scheduled PDSCH in these subframes; Then eNB may adjust its scheduling assuming reconfiguration signaling is missed;
· We can assume that a properly configured DL reference TDD configuration will prevent the UE to send ACK/NACK or non-adaptive UL retransmission in a subfrane will can be reconfigured as DL, then in such case, UE may not send ACK/NACK or non-adaptive UL retransmission in the subframe newly configured as DL; Then there may not be interference from UE’s PUCCH in such case;
· In case periodic CQI is configured, UE may send CQI in the newly configured DL subframe which is seen as UL by UE, and this can be avoided by not configuring periodic CQI report for such subframe set;
Similarly, in case a new configuration has more UL than previous configuration and UE missed the reconfiguration signaling, then UE may still consider the newly configured UL subframe as DL. It will have the following impact:
· In case eNB schedule PUSCH for the newly configured UL subframe, UE may ignore it, since it consider as DL subframe; Then it will cause waste of UL resource for this scheduling;
· UE may measure on the newly configured UL subframe for CQI, which cause error report; But since with new configuration eNB will not schedule DL in these flexible subframes, then these error CQI report may not be used, then no much problem besides UE power waste;

Based on above analysis, and considering that due to low payload size, the reconfiguration signalling can be designed to have lower error rate than normal PDCCH, the miss detection may not cause significant problem to the system and eNB implementation can help to solve/reduce it.  
5. Conclusions
In this paper, we further analysis MAC signalling, common physical signalling, UE dedicated physical signalling and implicitly physical signalling. And give solution candidates for common physical signalling. Based on the discussions, we have the following proposals:
Proposal 1: Adopt common physical signalling to indicate TDD reconfiguration for TDD eIMTA.
Proposal 2: Further discuss common signalling candidate solutions.
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