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1. Introduction

The WI of “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA)” has been approved at RAN #58 meeting [1], and extensive discussions including the deployment scenarios, performance evaluation, signalling mechanisms, and interference mitigation schemes have been made [2][3]. Performance evaluation of various deployment scenarios, e.g., isolated pico cell, multi-pico cells, and co-channel macro with multi-pico cells, has been conducted by both RAN 1 and RAN 4 WGs. It has been concluded that, in general, average cell throughput can be improved to a large extent by allowing traffic adaptation in LTE TDD systems [4]. In the WID, it is stated that [1]
·  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.
As legacy UEs are not compatible with eIMTA and have to follow the system information change procedure, the understanding of the current TDD configuration might be different between legacy UEs and Rel-12 UEs. Interference between legacy UEs and Rel-12 UEs will occur if care is not taken while considering the design of eIMTA. Such interference problem degrades the achievable performance of eIMTA even in an isolated pico cell. In this contribution, we share our views and opinions in this respect.
2. Discussions
2.1. DL/UL Subframe Collision
Legacy UE DL measurement includes CSI report, RRM measurement, and RLM measurement [4], which requires the presence of CRS in every single DL subframe. Failing to transmit CRS in certain subframes leads to incorrect DL measurement results, or even triggers RLF. As a consequence, the subframes which are signalled in SIB1 as DL are not suitable for traffic adaptation. The technique of MBSFN could be utilized here in a similar way that the relay backhaul transmissions are handled; aside from the one or two mandatory OFDM symbols for legacy PDCCH, the remaining symbols can be utilized for Rel-12 UE UL transmissions. However, the UL signal format, including PUCCH, PUSCH, and reference signals might need to be redesigned to account for the reduced OFDM symbols, which requires huge standard effort. This is obviously not desirable considering the tight Rel-12 timeline. It is therefore our first proposal that the situations where a DL subframe is dynamically signalled as an UL subframe should be avoided. 

Proposal 1: Avoid the situations where a subframe signalled as DL in SIB1 is dynamically signalled as UL to Rel-12 UEs.
Both radio frame level adaptation and subframe level adaptation are feasible for eIMTA. Considering the potential signalling delay introduced by the interference management schemes, e.g., cell clustering and scheduling-based schemes, which can be up to a few tens of ms, radio frame level adaptation is a more reasonable design option. Besides, subframe level adaptation largely complicates the system design and especially the HARQ timing design. We thus propose:

Proposal 2: Consider only dynamic adaptation using the existing 7 TDD configurations.
Combining proposal 1 and 2, the following conclusion can be reached.
Proposal 3: The set of allowed TDD configurations for dynamic signalling to Rel-12 UEs consists of the configurations whose DL subframes constitute a superset of that in the configuration signalled in SIB1.
For example, following proposal 3, we can observe in Table 1 that given the current TDD configuration signalled in SIB1 being configuration #1, the TDD configurations that are available for the eNB to dynamically configure Rel-12 UEs are configuration #1, #2, #4, and #5. 
Table 1: Uplink-downlink configurations.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Note that for the subframes which are dynamically changed from UL to DL, the eNB can apply scheduling constraints to avoid the possible interference by PRACH, SRS, and the UL transmissions from legacy UEs. UL performance degradation is inevitable for legacy UEs as not only the regular UL signals are limited, but the CQI/ACK reports are also affected. Comparing with the legacy UE DL measurement issue, we believe this is the compromise that has to be made.
Observation 1: The UL transmissions from legacy UEs can be handled by eNB scheduling constraints to avoid interference to Rel-12 UEs.
The above proposals also imply that the flexibility of traffic adaptation for Rel-12 UEs now depends on the TDD configuration signalled in SIB1, which can only be changed every 640ms following the system information change procedure [5]. It is mentioned in [6] that besides the dynamic TDD reconfiguration for Rel-12 UEs, TDD configuration signalled in SIB1 can also be changed on a 640ms basis to adapt to the traffic. However, by changing SIB1, the flexibility of dynamic TDD reconfiguration for Rel-12 UEs is limited for as long as 640ms. The simulation results that a smaller time scale of TDD reconfiguration yield better performance also suggest that the time scale of traffic fluctuation is on the scale of a few tens ms. Changing a setting whose period of reconfiguration is 640ms is apparently unreasonable. Accordingly, we have the following observation.
Observation 2: The TDD configuration signalled in SIB1 should not be changed on a frequent schedule as it limits the flexibility of dynamic TDD reconfiguration for as long as 640ms.
2.2.  UL HARQ Transmissions Collision
Among all the TDD configurations, all UL HARQ timelines repeat themselves every 10ms except for TDD configuration 0 and 6. Dynamically changing TDD configurations when the configuration signalled in SIB1 is #0 or #6 leads to collisions between legacy UEs’ UL HARQ transmissions and Rel-12 UEs’ DL transmissions. An illustration of the UL HARQ timeline and the collision problem is depicted in Fig. 1. Though such a problem can be handled again by eNB scheduling constraints, e.g., by dynamically changing the collided subframe as UL, this adds to the implementation complexity of the interference management schemes as the DL/UL direction is changed on top of the dynamic TDD reconfiguration and is dependent on legacy UEs’ UL data scheduling. Furthermore, the reason that Rel-12 UEs are currently configured using a more DL heavy setting is that the DL traffic increases from Rel-12 UEs. Sacrificing certain DL subframes for legacy UEs’ UL transmissions is not a reasonable approach. If, alternatively, the eNB solves such a collision problem by avoiding scheduling those UL subframes which could potentially lead to collision, a large proportion of UL resource would be wasted for legacy UEs. This is also not a desirable solution. In our view, a compromise can be made by simply using TDD configuration #1 to legacy UEs. Accordingly, we have the following proposal.

Proposal 4: The only allowed TDD configuration for dynamic signalling to Rel-12 UEs when configuration #0 is signalled in SIB1 is configuration #0. The same applies to TDD configuration #6.

[image: image1]
Fig.1. Collisions between legacy UEs’ UL HARQ transmissions and Rel-12 UEs’ DL transmissions.

Accordingly, the following table of the set of allowed dynamic TDD configurations can be built for the operation of eIMTA.
	TDD Configuration
	Set of Allowed Dynamic TDD Configurations

	0
	0

	1
	1, 2, 4, 5

	2
	2, 5

	3
	3, 4, 5

	4
	4, 5

	5
	5

	6
	6


3. Conclusions
In this contribution, we have investigated the potential interference problems between legacy UEs and Rel-12 UEs. We have the following proposals:

Proposal 1: Avoid the situations where a subframe signalled as DL in SIB1 is dynamically signalled as UL to Rel-12 UEs.
Proposal 2: Consider only dynamic adaptation using the existing 7 TDD configurations.
Proposal 3: The set of allowed TDD configurations for dynamic signalling to Rel-12 UEs consists of the configurations whose DL subframes constitute a superset of that in the configuration signalled in SIB1.
Proposal 4: The only allowed TDD configuration for dynamic signalling to Rel-12 UEs when configuration #0 is signalled in SIB1 is configuration #0. The same applies to TDD configuration #6.
And we have made the following observations:

Observation 1: The UL transmissions from legacy UEs can be handled by eNB scheduling constraints to avoid interference to Rel-12 UEs.
Observation 2: The TDD configuration signalled in SIB1 should not be changed on a frequent schedule as it limits the flexibility of dynamic TDD reconfiguration for as long as 640ms.
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