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1. Introduction & Background
In RAN#58, a new work item was proposed for “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” with the following objectives [1]:

…to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the deployment scenarios for TDD UL-DL reconfigurations
· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;

· Specify applicable eNB and UE core requirements.

In this contribution, different time scales with necessary signaling mechanism, as well as HARQ/scheduling timeline are discussed to support flexible TDD UL-DL reconfiguration.
2. Discussion
2.1. Time Scale and signaling mechanism
Various methods were identified to support different time scales during the SI phase [2], including indication through system information signaling with time scale on the order of 640/320 ms, indication through RRC signaling with time scale on the order of 200 ms, indication through MAC control element signaling with time scale on the order of a few tens of ms, and indication through physical layer signaling with time scale on the order of 10ms. It was shown in [2] that faster TDD UL-DL reconfiguration provides better performance than slower reconfiguration due to higher resource usage efficiency especially in low to medium cell traffic load. However, the performance difference diminishes with the increase of cell traffic load. 
Considering different adaptation time scales, different TDD UL-DL reconfiguration methods are provided, 

Alt. 1: System information, e.g., SIBx 

· For Alt. 1, the current SIB signaling can be reused to indicate the TDD UL/DL configuration, so accordingly, the reconfiguration periodicity is 640ms or more. 

Alt. 2: PHY-layer signaling

· For Alt. 2, explicit or implicit PHY-layer signaling can be utilized with time scale of adaptation on the order of 10ms. Such signaling method can gain the most benefit as a result of the smallest reconfiguration periodicity of 10ms. But since no HARQ or error recovery procedure process is provided for physical-layer signaling, the reliability should be studied. 
· In addition, the impact of interference fluctuation should also be considered with such fast signaling indication.
Alt. 3: MAC control element signaling

· For Alt. 3, the time scale of adaption is on the order of a few tens of ms. However, the transmission reliability and the ambiguity issue of MAC CE should be investigated. 
· Considering the dynamic TDD UL/DL configuration use case for hotspots, the coverage should be fine with enough transmission reliability. Therefore, MAC signaling could also been considered as candidate solution.
Alt. 4: Dedicated RRC signaling

· For Alt. 4, the time scale of adaption is on the order of 200ms. The impact of Alt.4, e.g., the signaling overhead and reliability, ambiguity issue, etc., should also be fully evaluated.

Alt. 5: PBCH or new common control channel

· The current PBCH provides flexibility to carry additional information to indicate UE the TDD/FDD configuration with 40ms periodicity. 
· Alternatively, a new common control channel broadcasted to all UEs can be defined to signal TDD UL/DL configuration. Besides UL/DL configuration information, this new channel can also include other common control information, such as carrier index, CSI-RS configuration, transmission power, etc. The reconfiguration time scale with the new common control channel can be smaller than 640ms, e.g., with periodicity of 40ms or more.

As described in [2], the performance gains become smaller with slower adaptation timescales, e.g., the benefits almost vanishes for 640ms timescale. This motivates us to use short reconfiguration period to make full use of the advantages of flexible TDD.  However, it is also noticed that when the fastest TDD UL-DL reconfiguration with 10ms adaptation periodicity is employed, the benefit from such fast reconfiguration may be decreased due to signaling latency for necessary cell coordination to mitigate both eNB-to-eNB and UE-to-UE interference, since the corresponding interference coordination cannot be performed on such short time scale, especially when considering coordination signaling exchanging over non-ideal backhaul. Therefore, it is proposed that the time scale of 40ms ~ 80ms should be considered for flexible TDD UL-DL reconfiguration. Furthermore, the additional enhancements, e.g., interference measurement, CSI report, and the mechanism of coordination with non-ideal backhaul, can be utilized to fully exploit the benefits of flexible TDD UL-DL reconfiguration.

For time-scale issue:

Proposal 1:  The time scale of the 40ms-80ms should be considered for flexible TDD UL-DL reconfiguration.  
For signaling approach
Considering the 40-80ms reconfiguration, all the signaling approaches with the ability of less than 40~80ms reconfiguration are possible, which means PHY-signaling, PBCH or new common control channel and MAC control element signaling are possible solutions.
Proposal 2: PBCH, new common control channel and MAC control element signaling should be considered for dynamic TDD UL/DL reconfiguration. PHY signaling approach with the ability of 10ms reconfiguration is FFS.
2.2. HARQ timeline impact with flexible TDD UL-DL configuration
Compared to traditional static/almost-static TDD UL-DL configuration with the period of days or months, the reconfiguration timescale is significantly decreased to the order of tens of ms, thus, the impact on the current TDD system should be fully investigated, e.g.:

· How to design HARQ timeline during reconfiguration boundary for new UE in order to reduce packet loss? There are several principles that should be considered, e.g.:

· Keep the same HARQ timeline operation, i.e., the same HARQ timing table for new UE and legacy UE

· Minimize the ACK/NACK blocking during UL/DL reconfiguration

For any of the signaling approach except PHY signaling mechanism, ambiguity problem exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE correctly decodes the message. This was illustrated in the following figure. The HARQ timeline before the reconfiguration (e.g., Frame 1) and after the reconfiguration (e.g., Frame 3) are changed. So that UE in Frame 2 and eNB in Frame 2 have different understandings of HARQ timeline, which may lead to ACK/NACK misdetection. 
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Figure 1 Ambiguity between eNB and UE on the TDD UL-DL configuration
Therefore, to design HARQ timeline during reconfiguration boundary for new UE in order to reduce packet loss, it is proposed,

Proposal 3: Minimize the ACK/NACK blocking during UL/DL reconfiguration.
One of the design options to reduce ACK/NACK blocking during UL/DL reconfiguration was to only use the HARQ processes which have the same timeline before and after the reconfiguration during the ambiguity period. 

[image: image2.emf]D S U U D D D D

Config 3

U D D S U U D D D D U D

D S U D D D S U D D U U D D D D S U D D

Config 3

Config 2 Config 3

A/N

TDD UL-DL 

reconfiguration

0      1       2      3      4       5       6       7       8       90      1       2      3      4       5       6       7       8       9

0      1       2      3      4       5       6       7       8       90      1       2      3      4       5       6       7       8       9

eNB

UE

A/N A/N

U D D

U

D D

A/N

ambiguity period

Config 2

Config 2

Config 3

Config 3

Frame 2 Frame 3 Frame 1


Figure 2 eNB and UE use the limited downlink subframes to reduce ACK/NACK blocking during the ambiguity period
As illustrated in the Fig. 2, considering an example where the original TDD UL-DL configuration #2 is reconfigured to configuration #3, there is an ambiguity period in 2nd frame. It is observed that eNB transmits downlink traffic data in the subframes #0 and #1 of the 2nd frame, and then expects that UE will feedback the corresponding ACK/NACK in subframe #4 of the 2nd frame and subframe #2 of the 3rd frame, respectively. However, UE will not feedback ACK/NACK in subframe #4 of the 2nd frame, since UE considers this subframe as an uplink subframe. Similarly, in subframe #2 of the 3rd frame, UE also will not feedback ACK/NACK corresponding to the subframe #1 of the 2nd frame. If eNB transmits downlink traffic data in the subframes #5 and #6 of the 2nd frame, eNB and UE will have the common understanding that UE will feedback the corresponding ACK/NACK in subframe #2 of the 3rd frame. Consequently, according to the above design option, only subframe #5 and #6 can be used during the ambiguity period.
Reconfiguration resource efficiency
Apparently, not all the downlink/uplink subframes during the ambiguity period can receive corresponding ACK/NACK response, if HARQ process timeline is different before and after reconfiguration. 
For downlink, Table 1 shows the limited downlink subframes in which eNB and UE have the common understanding of the HARQ timeline and the percentage of the limited downlink subframes out of all downlink subframes.
Table 1 The limited downlink subframes and percentage
	     New config
Old config
	config 0
	config 1
	config 2
	config 3
	config 4
	config 5
	config 6

	config 0
	　
	1/6
50%
	1/6
50%
	0/6
50%
	　
	6
25%
	　

	config 1
	1/6
50%
	　
	0/1/5/6
66%
	5/6
33%
	5/9
33%
	5/6
33%
	0/5
40%

	config 2
	1/6
50%
	0/1/5/6
66%
	　
	5/6
28%
	4/5
25%
	4/5/6/8
50%
	0/5
40%

	config 3
	0/6
50%
	5/6
33%
	5/6
28%
	　
	1/5/7/8
57%
	1/5/6
43%
	5/9
40%

	config 4
	　
	5/9
33%
	4/5
25%
	1/5/7/8
57%
	　
	0/1/4/5
50%
	5/6
40%

	config 5
	6
25%
	5/6
33%
	4/5/6/8
50%
	1/5/6
43%
	0/1/4/5
50%
	　
	5
20%

	config 6
	　
	0/5
40%
	0/5
40%
	5/9
40%
	5/6
40%
	5
20%
	　


For uplink, Table 2 provides the limited uplink subframes in which eNB and UE have the common understanding of the HARQ timeline and the percentage of the limited uplink subframes out of all uplink subframes.
Table 2 The limited uplink subframes and percentage
	     New config
Old config
	config 0
	config 1
	config 2
	config 3
	config 4
	config 5
	config 6

	config 0
	
	
	
	4

33%
	　
	
	2/7/8
60%

	config 1
	
	
	 
	3
33%
	3
50%
	
	

	config 2
	
	
	　
	2
50%
	2
50%
	2
100%
	

	config 3
	4
33%
	3
33%
	2
50%
	
	2/3
100%
	2
100%
	

	config 4
	
	3
50%
	2
50%
	2/3
100%
	　
	2
100%
	

	config 5
	
	
	2
100%
	2
100%
	2
100%
	
	

	config 6
	2/7/8
60%
	
	
	
	
	
	


Flexible reconfiguration
Fast UL/DL ratio adapting was beneficial for performance improvement. For example, Table 1 shows almost all the different TDD UL/DL configurations can be reconfigured with at least one available downlink subframe except {0,4}, {0,6}
If no such common downlink subframes can be found between the original configuration and the updated configuration, for example, when configuration #0 is reconfigured to configuration #4, an indirect reconfiguration method could be used to first reconfigure configuration #0 to configuration #3, then reconfigure configuration #3 to configuration #4. This method can guarantee the reliability of transmission.
Then it is proposed that,

Proposal 4: During ambiguity period when the TDD UL-DL configuration is reconfigured, eNB and UE may use some limited subframes so that they have the common understanding about the HARQ timeline to guarantee the reliability of transmission.
3. Conclusion
In this contribution, different time scales and signaling mechanisms in support of dynamic TDD UL-DL frame reconfiguration are discussed, and some considerations in HARQ/scheduling timeline are given. We propose:
Proposal 1:  The time scale of the 40ms-80ms should be considered.  

Proposal 2: PBCH, new common control channel and MAC control element signaling should be considered for dynamic TDD UL/DL reconfiguration. PHY signaling approach with the ability of 10ms reconfiguration is FFS.
Proposal 3: To design HARQ timeline during reconfiguration boundary for new UE in order to reduce packet loss, it is proposed to minimize the ACK/NACK blocking during UL/DL reconfiguration.
Proposal 4: During ambiguity period when the TDD UL-DL configuration is reconfigured, eNB and UE may use some limited subframes so that they have the common understanding about the HARQ timeline to guarantee the reliability of transmission.
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