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1 Introduction

The key advantages of the TDD system include the flexibilities of bandwidth allocation in the unpaired frequency band, and the flexibility of choice on downlink to uplink resource allocation ratio (referred to D/U ratio in this contribution). The latter one is more attractive than before because of the emerging traffic service types and traffic volume turbulence, both of which result in the wide range of D/U ratio. On the other hand, the requirement on the system-wide synchronization is one of the major disadvantages of TDD system. Under this requirement, all base stations or all user equipments must follow the same system timing to turn-off the transmitter, in order to avoid the overlapping between downlink and uplink signals in the whole system. 

The timing requirement in fact weakens the TDD feature on D/U ratio flexibility. First, because all base stations and user equipments are synchronized, there can be only one D/U ratio per carrier frequency system-widely. Secondly, once the D/U ratio is determined for a system, it is usually too expensive to change it to other value because, before synchronously changing the D/U ratio, all transmitters have to turn off the transmission all together. The costs paid for such a “cold restart” include a huge loss of system capacity and interrupt to user traffic. Besides, the monitor and management of unfinished traffic in the whole system is another expensive factor.  

This contribution suggests a systematic method to accomplish two targets:

i. Live-change (without cold restart) of D/U ratio system-widely from one value to another;

ii. Live-change (without cold restart) of D/U ratio within a specific deployment area to a different value from the one in surrounding areas.

2 Change of Downlink-Uplink ratio without system cold-restart

The downlink-uplink allocation ratios in LTE-TDD are specified [1] as in Table 1. 

	Configuration
	Downlink:Uplink Ratio
	Switch-point periodicity
	Subframe number

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	1:3
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

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

	2
	3:1
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	2:1
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	7:2
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	8:1
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	3:5
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 1 Downlink-Uplink Allocations in LTE-TDD

The subframes in LTE-TDD can be downlink subframe, uplink subframe and special subframe that includes three fields DwPTS, Guard period (GP) and UpPTS. 

It is suggested to specify the fourth subframe type: mute subframe. The mute subframe is the special downlink subframe or special uplink subframe. If the system plans to transit certain downlink subframe to uplink or vice versa, it has to mark the subframe as mute subframe first. Once the downlink or uplink subframe is marked as mute subframe, it shall not be used for new user traffic transmission, until it is marked as either downlink subframe or uplink subframe again. The BS and UE can continue and complete current traffic transmissions that utilize the mute subframe in a specific and faster routine. The system can assign the mute subframe that is originally a downlink (or uplink) subframe to be used as uplink (or downlink) subframe after all existing transmissions within that subframe complete. The detailed operation guidelines for base station and UE for the mute subframe processing are given in Annex A.   

With the creation of mute subframe, the network could change the D/U ratio either system-wide or only for certain deployment area. 

2.1 Change system-wide D/U ratio

Given the TDD system with the D/U ratio as 
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 is the total number of subframes per frame, it is assumed to change the D/U ratio to 
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, that is, to switch 
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 uplink subframes to the downlink. The example (
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) of switching process is shown in Fig 1. The case of switching downlink subframes to uplink follows the similar procedure. It can be seen that, with the mute subframe,

1. The system-wide cold-restart is avoided. In addition, the changing of D/U ratio from 
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 can be implemented in a multi-step changing process, where each step can only switches one subframe between downlink and uplink. Therefore the instantaneous capacity loss during the D/U ratio change is as low as one subframe per frame during the adjustment period, which is substantially smaller than what is suffered from cold-restart. Such multi-step D/U ratio adjustment procedure provides flexible trade-off between the maximum instant loss of system capacity and total time spent in the D/U ratio adjustment. The number of total adjustment steps and the number of mute subframes in each step should be determined by network operator. 

2. The system-wide operation synchronization is not required on the BS-UE interface, but on interface between BS and core network. Here, the changing between subframe in use and the mute subframe can be done asynchronously and independently in each cell, without signaling exchange among base stations.

3. The interrupt of the user traffic can be substantially reduced, if not completely avoided according to local policy used in D/U ratio adjustment. 

2.2 Change D/U ratio for certain deployment area

For a TDD system with the D/U ratio equal to 
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 is the total number of subframes per frame, sometimes it is operator’s interest to change the D/U ratio within certain deployment area to 
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, that is, to locally switch 
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 uplink subframes to the downlink. Generally this can be realized by a multi-tier ratio change procedure as shown in Fig 2 and Fig 3. The case of switching downlink subframes to uplink has the similar procedure. It can be seen that, with the mute subframe,

1. The cold-restart is avoided in the involved local area. In addition, the changing of D/U ratio from 
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 can be implemented in a multi-tier changing pattern, where each tier is assumed to be wide enough to isolate the signals from the two adjacent tiers and can have at least one mute subframe. Therefore the local capacity loss is as low as one subframe per frame. Such multi-tier D/U ratio adjustment provides flexible trade-off between the maximum local system capacity loss and total geographical size of effected area. The number of total adjustment tiers and the number of mute subframes in each tier should be determined by network operator. 

2. The system-wide operation synchronization is not required on the BS-UE interface, but on interface between BS and core network. Here, the changing between subframe in use and the mute subframe can be done asynchronously and independently in each cell, without signaling exchange among base stations. 

3. The interrupt of the user traffic can be substantially reduced, if not completely avoided according to local policy used in D/U ratio adjustment


Fig 1 Procedure of changing system-wide D/U ratio


Fig 2 Example of multi-tier deployment layout


Fig 3 Procedure of changing D/U ratio for certain deployment area

2.3 Change D/U ratios in LTE/TDD

The LTE/TDD D/U ratios given in Table 1 can be changed from one to another by using the mute subframe as shown in Fig 4, where Ci represents the i-th allocation configuration in Table 1. The mute subframe patterns used in either intermediate transit process or intermediate tier are also given in Fig 4. Note that Fig 4 only shows the ratio adjustments that involve no more than two mute subframes.


Fig 4 D/U ratio exchanges in LTE-TDD

It can be seen from Fig 4 that, the direct ratio exchange (dot line) between C0 and C1 is equivalent to the indirect ratio change (solid lines) through C6. So the direct ratio change between C0 and C1 is not necessary in implementation. If it is assumed to allow only one mute subframe per ratio adjustment step in order to save instantaneous system capacity, the total number of frame patterns is 15, which include 7 patterns without mute subframe and 8 patterns with one mute subframe. This means only one extra bit is needed in the broadcast signaling to indicate mute subframe. These 15 patterns are binary encoded in such a way as shown in Table 2 that, 

a) The configurations 0-6 are the ones without mute subframe.

b) Configuration 7 is not used.

c) There is one bit (the most significant bit in Table 2) in signaling encoding to represent the existence of mute subframe.

d) For i<7, the configuration (i+8) is obtained by replacing one subframe in configuration i with a mute subframe; the configuration 15 is obtained by replacing one subframe in configuration 2 with a mute subframe  

	Configuration
	Signaling coding

(4 bits)
	Switch-point periodicity
	Subframe patterns

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	0000
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	0001
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	0010
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	0011
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	0100
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	0101
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	0110
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	7
	0111
	Not used
	
	
	
	
	
	
	
	
	
	

	8
	1000
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	M

	9
	1001
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	M
	D

	10
	1010
	5 ms
	D
	S
	U
	M
	D
	D
	S
	U
	D
	D

	11
	1011
	10 ms
	D
	S
	U
	U
	M
	D
	D
	D
	D
	D

	12
	1100
	10 ms
	D
	S
	U
	M
	D
	D
	D
	D
	D
	D

	13
	1101
	10 ms
	D
	S
	U
	D
	D
	D
	M
	D
	D
	D

	14
	1110
	10 ms
	D
	S
	U
	U
	M
	D
	S
	U
	U
	D

	15
	1111
	5 ms
	D
	S
	U
	D
	D
	D
	S
	M
	D
	D


Table 2 Downlink-Uplink Allocations with Mute Subframes

With the allocation assignments in Table 2, all the D/U ratio adjustments in Fig 4 can be implemented as shown in Annex B.  

3 Implicit scheduling control or explicit mute subframe

One alternative is to use implicit scheduling control to replace the explicit signalling of mute subframe, in other words, the system can effectively mute a subframe by scheduling no signal transmission in that subframe. In order to get the same effect as with explicit signalling, the system would meet the following conditions to use implicit scheduling control to adjust D/U ratio:

a) UE can only monitor and measure the downlink reference signals in the downlink subframes that are ensured to transmit reference signals. These downlink subframes are subframe 0, subframe 5, DwPTS in special subframe and the subframes in which the UE has scheduled traffic. For non-downlink-scheduled UE, the channel quality measurement and time tracking can be done only in subframe 0, subframe 5 and DwPTS. 

b) All uplink transmissions are controlled by scheduler with no exceptions, in other words, there is no autonomous transmission (either for data or control signalling) from UE within the mute subframe. In addition, there should be efficient solution to handle the uplink transmission that is persistently scheduled so that it is not necessary to inform such UE one-by-one to cease transmission in mute subframes.  

c) Without the explicit signalling, there should be an efficient solution to inform HARQ-involved UE in case the downlink or uplink subframe carrying the ACK/NACK signalling is “muted”, so that the UE could pursue to receive ACK/NACK signalling from other subframes according to pre-determined alternative ACK/NACK delay pattern.

Without satisfying the above conditions, it remains questionable to use implicit scheduling control to adjust the D/U ratio. 

4 Conclusions

This contribution provides the technical solution to adjust D/U allocation ratio in LTE/TDD system. The solution features include:

a) System cold-restart and user traffic interruption are avoided. 

b) All allocation ratios in LTE/TDD can be changed from one to another over either time domain or geographical domain. 

c) The extra signaling overhead caused by the solution can be as low as one bit in broadcast channel. 

It is proposed:

1. To discuss in RAN1 whether the live-change of D/U ratio should be a feature in either current or next phase of LTE/TDD;

2. To reserve one bit in TDD broadcast channel to keep possibility of mute signaling implementation. It should be noted that, even with one bit reserved in TDD broadcast channel, it is still fully allowed for scheduler to control mute functionality. 
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Annex A. Operation guidelines for BS and UE regarding to mute subframes

(A.1). The operation guidelines for BS if it is requested by core network to switch certain downlink subframes to uplink subframes:

Assume that 
[image: image14.wmf]Y

 represents the set of downlink subframes that the core network requests to switch to uplink, then

· The base station shall broadcast the content in 
[image: image15.wmf]Y

as mute subframe on a per-frame basis;

· The base station shall continue the normal operations within the subframes not in 
[image: image16.wmf]Y

;

· The base station shall not schedule new user traffic within the subframes in 
[image: image17.wmf]Y

; 

· The base station can continue the existing downlink user traffic during those subframes in 
[image: image18.wmf]Y

. It is beneficial for base station to finish the existing traffic transmission as soon as possible. How to handle existing downlink user traffic, however, is left to the local policy of the base station or network;

· Once all the user traffic during the subframes in 
[image: image19.wmf]Y

has completed, the base station shall inform the core network of this event, and stop all the radio signal transmission, including the common reference signal and common control channels, during these mute subframes. 
· The base station shall be able to resume usage of mute subframes, according to the command from core network, and to broadcast this event to all served UEs with a new D/U allocation configuration.
(A.2). The operation guidelines for UE if it detects a broadcast message marking certain downlink subframes as mute subframe:

Assume that 
[image: image20.wmf]Y

 represents the set of downlink subframes in the broadcast signaling, then

· UE shall perform normal operations during subframes not in 
[image: image21.wmf]Y

. 

· For the downlink subframes in
[image: image22.wmf]Y

, 

· if ( UE has no downlink traffic within that subframe) then:

UE shall treat the mute subframe as additional guard period, and shall not attempt to receive and/or monitor any signal during the subframe;

· else

UE monitors, measures and receives the downlink signals within the subframe as in normal operation, until all of its user traffic utilizing the subframe complete. From that instance point, the UE shall treat the mute subframe as additional guard period, and shall not attempt to receive and monitor any signal during that subframe.

-    UE shall be able to resume to normal operation during the mute subframes upon a broadcast signaling with a new D/U allocation configuration that recovers the mute subframes as non-mute. 

(A.3). The operation guidelines for BS if it is requested by core network to switch certain uplink subframes to downlink subframes:

Assume that 
[image: image23.wmf]Y

 represents the set of uplink subframes that the core network requests to transit to downlink, then;

· BS shall broadcast the content of 
[image: image24.wmf]Y

as mute subframes on a per-frame basis; 

· BS shall continue the normal operations within the uplink subframes not in 
[image: image25.wmf]Y

;

· BS should stop to monitor and receive uplink signals that any UE sends autonomously during uplink subframes in
[image: image26.wmf]Y

;

· BS can continue the reception of the already-scheduled uplink packet during subframes in
[image: image27.wmf]Y

. It is suggested that BS schedules and cooperates with UE to finish the existing uplink traffic transmission during mute subframes as soon as possible. How to handle the existing uplink user traffic, however, is left to the local policy of BS and UE;

· Once all the user traffic during the subframes in
[image: image28.wmf]Y

has completed, BS shall inform the core network of this event; 

· BS shall be able to resume usage of muted subframes, according to the command from core network, and to broadcast this event to all served UE with a new D/U allocation configuration.

(A.4). The operation guidelines for UE if it detects a broadcast message marking certain uplink subframes as mute subframe:

Assume that 
[image: image29.wmf]Y

 represents the set of uplink subframes that are marked as mute in the broadcast signaling, then;

· UE shall perform normal operations during uplink subframes not in 
[image: image30.wmf]Y

. 

· For the uplink subframes in
[image: image31.wmf]Y

, 

· if ( UE has no uplink traffic within that subframe) then:

UE shall treat the mute subframe as additional guard period, and shall not transmit any signal during the subframe;

· else

UE shall stop any autonomous transmission during the subframe, however, it can continue to transmit the already-scheduled uplink packet traffic within the subframe, until all of its user traffic utilizing the subframe complete. From that instance point, UE shall treat the mute subframes in 
[image: image32.wmf]Y

 as additional guard periods, and shall not attempt to transmit any signal during those subframes.

-    UE shall be able to resume normal operation during the mute subframes upon a broadcast signaling with a new D/U allocation configuration that recovers the mute subframes as non-mute.

Annex B. D/U ratio adjustments with allocation assignments in Table 2.

B.1)  Between C0 and C6


B.2) Between C6 and C1


B.3). Between C0 and C1

The adjustment between C0 and C1 is the combination of adjustments in B.1) and B.2). 

B.4) Between C1 and C2


B.5) Between C2 and C5


B.6) Between C5 and C4


B.7) Between C4 and C3
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