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1 Introduction
In RAN1#74, signaling mechanisms for TDD UL-DL reconfiguration were discussed with the following agreements made [1]:
· Confirm working assumption and agree on explicit L1 signaling of reconfiguration by UE-group-common (e)PDCCH.

· The L1 signaling is used to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling is FFS

· FFS if the UE group common reconfiguration signaling is designed such that 

· It is carried by DCI in common search space.  

· Multiple reconfiguration indicators (e.g. for CA, COMP scenario 4) can be multiplexed into one DCI, where each reconfiguration indicator represents one of seven existing TDD UL/DL configurations. 

· FFS whether reconfiguration indicator(s) in DCI can be multiplexed with information other than reconfiguration indicator(s), padding bits and CRC. 

· FFS to choose DCI length from two existing DCI lengths for DCI-1C and DCI-0/1A/3/3A.

Given this working assumption, the detailed design of explicit L1 signaling for TDD UL-DL reconfiguration is still to be decided. In this contribution, these aspects are discussed.
2 Discussions
2.1 Scenarios and requirements  
In previous RAN1 meetings, considering that TDD eIMTA may be applied in deployments of CA and CoMP scenario 4, UE group common reconfiguration signaling was proposed. However, details on these application scenarios, e.g. the number of supported carriers and the number of RRHs per macro cell in CoMP scenario 4 and so on, were not discussed but will impact the design of the group common signaling. Therefore, before discussing the signaling design, the deployments and requirements should be clarified. In the following, analysis on the application scenarios and their impacts on the signaling design are provided.
In CA scenario, the following two questions should be answered in order to support TDD eIMTA:

· Whether the UL-DL reconfiguration indicator for Scell is signaled on Pcell or Scell
· The benefit of signaling the UL-DL reconfiguration in the Scell is that it does not suffer from backhaul delay when Pcell and Scell are connected with non-ideal backhaul.

· Additional benefit of signaling the UL-DL reconfiguration in the Scell is that it balances the signaling load on each aggregated cell.
· The maximum number of supported UL-DL reconfiguration indicators for the aggregated cells
· If it is desired that a maximum of 5 aggregated cells can use individual UL-DL reconfiguration signaling, then 5 individual indicators should be transmitted. Alternatively, it can be considered to limit the number of individual UL-DL reconfiguration indicators, e.g. two, even though 5 carriers are aggregated. 
To support TDD eIMTA in CoMP scenario 4, the use case is that different RRHs in a macro cell can apply separated UL-DL reconfiguration. Therefore on a serving cell, a given UE only needs to monitor one UL-DL reconfiguration indicator but the network shall transmit multiple individual indicators targeting UEs served by different RRHs. The requirement on the signaling design then depends on the supported number of RRHs per macro cell using individual UL-DL reconfiguration. Our view is that maximum number of four can be assumed as the baseline.
According to the above analysis on CA and CoMP scenario 4, the number of required individual UL-DL reconfiguration indicators that shall be transmitted in each carrier could be summarized in Table 1. 
Table1: Number of required individual UL-DL reconfiguration indicators per carrier for each scenario
	                  CA scenario
CoMP scenario

	UL-DL reconfiguration indicators are transmitted on each cell (Pcell or Scell)
Assuming CA with maximum number of individual reconfigurations for aggregated cells is 5


	UL-DL reconfiguration indicators are transmitted on Pcell only 

Assuming CA with maximum number of individual reconfigurations for aggregated cells limited to  2 
	UL-DL reconfiguration indicators are transmitted on Pcell only 

Assuming CA with maximum number of individual reconfigurations for aggregated cells is 5


	Non CoMP scenario 4
	1
	2
	5

	CoMP scenario 4 
Assuming 4 RRH per macro 
	4
	8
	20


It can be observed that the required number of indicators for UL-DL reconfiguration that should be transmitted in a cell is significantly reduced if the indicator can be transmitted in each serving cell respectively. It is further noted that with this method, the requirement can be unified irrespective to the maximum number of individual reconfigurations for aggregated cells. On the other hand, the requirement on signaling design is extremely high if both CA and CoMP are to be supported together with TDD eIMTA and the reconfiguration indicator is transmitted on Pcell only. Therefore it should be discussed and concluded on the set of scenarios that shall be supported for TDD eIMTA regarding carrier aggregation and CoMP.
Proposal 1:

It should be discussed and concluded on the set of scenarios that shall be supported for TDD eIMTA regarding carrier aggregation and CoMP.
2.2 DCI length and contents
According to the analysis in section 2.1, multiple indicators need to be transmitted in each serving cell when CA + CoMP is supported.  Hence from the signaling overhead perspective, it is preferred that multiple indicators can be multiplexed into one DCI format. Two existing DCI lengths for DCI-1C and DCI-0/1A/3/3A have been considered and the supported number of multiplexed reconfiguration indicator by one DCI format is shown in table 2. 
Table 2: Maximum number of multiplexed reconfiguration indicator in one DCI format
	
	5MHz

System bandwidth 
	10MHz

System bandwidth
	20MHz

System bandwidth

	Format 1C
	4
	4
	5

	Format 0/1A/3/3A
	9
	9
	10


Proposal 2: 
It shall be supported that multiple indicators for UL-DL reconfiguration are multiplexed in one DCI format. A UE monitors one or multiple indicators in the DCI format according to higher layer configurations.
According to the capacity of DCI format and the CA/CoMP scenarios, we can derive the required number of DCI formats for UL-DL reconfiguration to be transmitted in a serving cell, respectively. Table 5.1-1 and 5.1-2 in the appendix show the required number of DCI formats for UL-DL reconfiguration to be transmitted in a serving cell for the two DCI lengths considered. It is observed that more than one DCI for UL-DL reconfiguration needs to be transmitted in a serving cell if CA + CoMP are supported and assuming the DCI is only transmitted on the Pcell. A maximum of 5 DCI formats should be transmitted per radio frame if 10ms reconfiguration periodicity is applied. It is also observed that only one DCI format for UL-DL reconfiguration is required for a serving cell irrespective whether CA or CoMP is supported if the DCI is transmitted on each respective serving cell.
Observation 1:

Multiple DCI formats for UL-DL reconfiguration shall be transmitted in a serving cell when CA+CoMP are supported and the DCI formats carrying UL-DL reconfiguration are only transmitted on the Pcell.
As length of DCI format 1C is more compact than DCI format DCI-0/1A/3/3A, lower coding rate can be used for the same PDCCH aggregation level so that better reliability can be obtained. It is preferred to select the DCI length of existing DCI format 1C for UL-DL reconfiguration.
Proposal 3:
DCI length of existing DCI format 1C is used for carrying indicators for UL-DL reconfiguration.
2.3 PDCCH Search space for UL-DL reconfiguration indication
It should be decided what PDCCH search space is used to transmit the DCI format for UL-DL reconfiguration. Existing CCS and Extended group common search space (TDD SS) have been proposed [2][3]. The selection between the two shall be determined by the required number of DCI formats to be transmitted in a serving cell, as well as the existing CSS capacity and load. In table 3, capacity of existing CSS per radio frame is shown in the number of supported DCIs, assuming TDD UL-DL configuration #0.
Table 3: CSS capacity per radio frame in number of DCIs
	
	5MHz System bandwidth

(CFI=3 for normal SF and 2 for DwPTS)
	System bandwidth >=10MHz

 (CFI=2 for normal SF and DwPTS)

	AL 4
	14 
	16 

	AL 8
	6 
	8


Then the utilization status of existing CSS is analysis in the table 4 in the number of required DCI formats in a radio frame. It is observed that if all the potential DCI formats are transmitted in one radio frame, then maximum 6~7 DCIs shall be transmitted so that the load of CSS can be high. It should be noted that eNB can easily distributes these transmissions in different radio frames then on average 3~4 DCIs are required in CSS within a radio frame. 
Table 4: Current load of CSS
	DCI formats  in CSS 
	Purpose 
	Number of required DCI formats in a radio frame 
(AL 4 or 8) 

	Format 0 
	Trigger random access procedure for each packet arrival 
	0.03 
Assuming medium arriving rate (uplink and downlink lambda = 1.5) 

	Format 3/3A 
	Group UL PC (TPC-RNTI) 
	1  
Supporting group UL PC for over 10/20 users’ periodical UL transmissions (UL SPS, SRS etc) 

	Format 1C/1A
	SIB 1 schedule(SI-RNTI) 
	0.5  (Occurs in every even radio frame) 

	
	SIB  i (i >=2）(SI-RNTI) 
	1~2 
Assuming SI window num=4; Num of SI scheduling within window=4; SI period=8~16 radio frames 

	
	Paging schedule(P-RNTI) 
	1/32 
Assuming minimum default paging period  

	
	Random access response 

(RA-RNTI) 
	0.03 
Assuming medium arriving rate (uplink and downlink lambda = 1.5) 


Assuming all the DCI formats in CSS uses AL8, the existing CSS can afford to carry one or two additional DCI formats for UL-DL reconfiguration per radio frame. 
Observation 2:
The existing CSS can afford to carry one or two additional DCI formats for UL-DL reconfiguration per radio frame.
However, as analyzed in section 2.2, the required number of DCI formats for UL-DL reconfiguration in a serving cell per radio frame can be up to five in order to support full CA+COMP flexibility assuming the DCI format is only transmitted on the Pcell. It is a challenge for existing CSS to afford such a high signaling capacity requirement when AL 8 is used. 
Observation 3:
There is challenge for existing CSS on Pcell to carry DCI formats for UL-DL reconfiguration if full CA+COMP flexibility is desired.
One solution is to limit the supported flexibility of CA+COMP scenario in TDD eIMTA, e.g. support maximum 2 individual UL-DL reconfigurations in the aggregated cells. Alternatively, new group common search space can be defined on the Pcell to carry the DCI format for UL-DL reconfiguration, which however still does not solve the problem for small system bandwidth (e.g. 5MHz) since the total number of CCEs is limited. 
As a unified solution, the third alternative can be envisioned, i.e. DCI for UL-DL reconfiguration is transmitted in each respective serving cell so that the signaling load on each serving cell can be balanced. To be specific, existing CSS is used to carry the DCI for reconfiguration on the Pcell and new group common search space is defined on each aggregated Scell. The CCEs used for the new search space can be derived by TDD-RNTI (configured with TDD eIMTA for each UE group) with the same formula of existing UE specific search space [2][4]. To keep the total number of blind decoding unchanged, number of decoding attempts can be borrowed from the UE specific search space on the respective serving cell. 
The third solution can support full CA+COMP flexibility by requiring only one DCI for UL-DL reconfiguration in each serving cell and has better expansibility in number of supported aggregated cells or RRHs per macro cell. In addition, this solution does not have dependency on the backhaul connection between Pcell and Scell so is beneficial for non-ideal backhaul scenario. Therefore this solution is preferred.
Proposal 4:
The DCI format for UL-DL reconfiguration is transmitted on each of the respective serving cell in the following search space

· Existing CSS on Pcell
· Newly defined group common search space on each respective Scell.

2.4 Subframe location for the L1signaling

UE group common reconfiguration signaling can be transmitted in a subframe fixed in the specification (e.g. subframe #0) or configured by the eNB. The first option is beneficial in that the indicated UL-DL configuration can be used by the UE in the same radio frame if it is transmitted in the SF#0. The latter can be beneficial in reducing CSS blocking probability if multiple DCIs are required to indicate UL-DL configurations in a radio frame. According to the discussion in section 2.3, if the solution in proposal 4 is adopted, then it is preferred to transmit the DCI format in subframe #0 so that additional delay on the reconfiguration is avoided.
In addition, since 10ms reconfiguration periodicity is not always applicable in reality, e.g. in non-isolated cells requiring interference coordination, the periodicity of transmitting the DCI for UL-DL reconfiguration shall be configurable by higher layers.
Proposal 5:

It is preferred to transmit the DCI format for UL-DL reconfiguration in subframe#0.
Proposal 6:
The periodicity of transmitting the DCI for UL-DL reconfiguration is configurable by higher layers.
2.5 Reliability and fallback operation
Assuming that existing DCI format 1C and higher aggregation level is used, the reliability for the reconfiguration signaling can be sufficiently high. Figure 2 shows that detection performance of current PDCCH format 1C (in 20MHz BW) with aggregation level 4 and aggregation 8. At SINR of -2dB and -3dB, 
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 BLER can be reached for PDCCH format 1C with aggregation level 4 and 8, respectively. On the other hand, according to the DL geometry for Macro-Pico adjacent channel deployment as shown in Figure A-1, only 1% of the Pico UEs experience the DL SINR below 0dB.  Therefore, the possibility of misdetection should be sufficiently low in Pico cells. 
As discussed in previous sections, it is required to multiplex more than one reconfiguration signaling in one DCI format. In case the information bits of the DCI format are not fully utilized for reconfiguration signaling, the remaining bits can be reserved as virtual CRC to further improve detection reliability. The number of bits used for virtual CRC is dependent on the total number of multiplexed UL-DL reconfiguration indicators in the DCI format, which can be configured by higher layers.
If fallback solution in case the signaling is missed is deemed to be necessary, we propose that UE follows the SIB1 UL-DL configuration when the signaling for UL-DL reconfiguration is not correctly decoded.
Observation 4:
The reliability for the reconfiguration signaling should be sufficient if existing DCI length of format 1C and higher aggregation level is used.

Proposal 7:
The total number of TDD UL-DL reconfiguration indicators multiplexed in the DCI format shall be informed to the UE by higher layer signaling.
Proposal 8:

UE follows the SIB1 UL-DL configuration when the signaling for UL-DL reconfiguration is not correctly decoded, if a fall back solution is deemed to be necessary.
3 Conclusions
In this contribution, design of the L1 signaling for UL-DL reconfiguration is discussed. In summary, we have the following observations and proposals:
Observation 1:

Multiple DCI formats for UL-DL reconfiguration shall be transmitted in a serving cell when CA+CoMP are supported and the DCI formats carrying UL-DL reconfiguration are only transmitted on the Pcell.
Observation 2:
The existing CSS can afford to carry one or two additional DCI formats for UL-DL reconfiguration per radio frame.
Observation 3:
There is challenge for existing CSS on Pcell to carry DCI formats for UL-DL reconfiguration if full CA+COMP flexibility is desired.
Observation 4:
The reliability for the reconfiguration signaling should be sufficient if existing DCI length of format 1C and higher aggregation level is used.

Proposal 1:

It should be discussed and concluded on the set of scenarios that shall be supported for TDD eIMTA regarding carrier aggregation and CoMP.
Proposal 2: 
It shall be supported that multiple indicators for UL-DL reconfiguration are multiplexed in one DCI format. A UE monitors one or multiple indicators in the DCI format according to higher layer configurations.
Proposal 3:
DCI length of existing DCI format 1C is used for carrying indicators for UL-DL reconfiguration.
Proposal 4:

The DCI format for UL-DL reconfiguration is transmitted on each of the respective serving cell in the following search space

· Existing CSS on Pcell

· Newly defined group common search space on each respective Scell.

Proposal 5:

It is preferred to transmit the DCI format for UL-DL reconfiguration in subframe#0.
Proposal 6:
The periodicity of transmitting the DCI for UL-DL reconfiguration is configurable by higher layers.
Proposal 7:

The total number of TDD UL-DL reconfiguration indicators multiplexed in the DCI format shall be informed to the UE by higher layer signaling.
Proposal 8:

UE follows the SIB1 UL-DL configuration when the signaling for UL-DL reconfiguration is not correctly decoded, if a fall back solution is deemed to be necessary.
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5 Appendix
5.1 Required number of DCI formats for UL-DL reconfiguration to be transmitted in a serving cell 
Table 5.1-1 Required number of DCI formats for UL-DL reconfiguration to be transmitted in a serving cell 
(DCI length of format 1C)
	                  CA scenario

CoMP scenario
	UL-DL reconfiguration indicators are transmitted on each cell (Pcell or Scell)

Assuming CA with maximum number of individual reconfigurations for aggregated cells is 5
	UL-DL reconfiguration indicators are transmitted on Pcell only 

Assuming CA with maximum number of individual reconfigurations for aggregated cells limited to  2 
	UL-DL reconfiguration indicators are transmitted on Pcell only 

Assuming CA with maximum number of individual reconfigurations for aggregated cells is 5

	
	5MHz or 10MHz
System bandwidth
	20MHz
System bandwidth
	5MHz or 10MHz
System bandwidth
	20MHz
System bandwidth
	5MHz or 10MHz
System bandwidth
	20MHz
System bandwidth

	Non CoMP scenario 4
	1
	1
	1
	1
	2
	1

	CoMP scenario 4 
Assuming 4 RRH per macro
	1
	1
	2
	2
	5
	4


Table 5.1-2 Required number of DCI formats for UL-DL reconfiguration to be transmitted in a serving cell (DCI length of format 0/1A/3/3A)
	                  CA scenario

CoMP scenario
	UL-DL reconfiguration indicators are transmitted on each cell (Pcell or Scell)

Assuming CA with maximum number of individual reconfigurations for aggregated cells is 5
	UL-DL reconfiguration indicators are transmitted on Pcell only 

Assuming CA with maximum number of individual reconfigurations for aggregated cells limited to  2 
	UL-DL reconfiguration indicators are transmitted on Pcell only 

Assuming CA with maximum number of individual reconfigurations for aggregated cells is 5

	
	5MHz or 10MHz
System bandwidth
	20MHz
System bandwidth
	5MHz or 10MHz
System bandwidth
	20MHz
System bandwidth
	5MHz or 10MHz
System bandwidth
	20MHz
System bandwidth

	Non CoMP scenario 4
	1
	1
	1
	1
	1
	1

	CoMP scenario 4 
Assuming 4 RRH per macro
	1
	1
	1
	1
	3
	2


5.2 Detection performance of existing DCI format 1C
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Figure A-1: Detection performance of PDCCH format 1C

Table 5.2-1: link simulation assumption for detection performance for PDCCH format 1C
	Parameter
	Value

	Bandwidth
	20MHz

	Carrier frequency 
	2.6GHz

	Channel model and Doppler frequency
	EPA5

	Antenna configuration
	2x2 with low correlation
Cross-polarized antennas


5.3 DL geometry in Macro-Pico adjacent channel deployment (scenario4) [5]
[image: image3.emf]0 10 20 30 40 50 60 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL Geometry(dB)

CDF

DL Geometry (adjacent channel)

 

 

MUE baseline: all Macro and Pico cells DL

PUE baseline: all Macro and Pico cells DL

MUE: all Macro cells DL and Pico cells UL/DL random

PUE: all Macro cells DL and Pico cells UL/DL random

PUE: all Macro cells UL and Pico cells UL/DL random


Figure A-2 DL geometry for Macro-Pico adjacent channel deployment[image: image4.png]
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