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1 Introduction
After RAN1#78 meeting, some details of T-RPT for TDD operation were discussed during the email discussion. Listed below are some agreement and open issues[1]：

Agreement:

· N = 8 for TDD configuration 1,2,4,5 with k={1,2,4,N} for mode 1 and k = {1,2,4} for mode 2

· N = 7 for TDD configuration 0 and N=6 for TDD configuration 3 and 6 with a set of k at least include {1,2,4,N} for mode 1 and {1,2,4} for mode 2. FFS any additional values for k.
Based on the agreement and discussion, there are still some remaining issues for TDD which are analyzed and discussed in this contribution. 
2 Supporting VoIP for TDD
It was agreed  at least for FDD that the only possible value of the number of transmissions of a given D2D communication MAC PDU is 4 and FFS whether any special behaviour is needed for TDD configurations that do not support 4 transmissions.   In some TDD configurations, UL subframes are too sparse to meet some traffic requirements.  Particularly, it is required one packet is transmitted on the average for VoIP traffic.   However, for TDD configuration 5, there is only one UL subframe in a radio frame.  With the assumption that number of transmissions is fixed to 4, configuration 5 cannot fulfil the requirement.  
For TDD configurations 2 and 4, there are 2 UL subframes per radio frame only.  Therefore, all the UL subframes have to be used for VoIP traffic.   In this case, time resources for SA always overlaps with data subframes.   Data can be punctured and leave SA transmission in a higher priority as proposed in [2].   For Mode 2, given that the maximum number of transmissions in the 8 T-RPT bitmap is 4.  i.e. only half of the UL subframes can be used for data transmission.  This means configurations 2 and 4 cannot meet the VoIP requirements in Mode 2 as well,  e.g. config 4 as shown in figure 1.   
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Figure 1
For other TDD configurations e.g. config 1, the restriction of the maximum number of transmissions in 8 subframes being 4 puts constraints on how data resource pool can be configured in Mode 2.  To support VoIP traffic in Mode 2, at least 16 UL subframes have to be in the data resource pool in a 40ms period for N=8 cases.   For configuration 1, this means all of the UL subframes have to be in the data resource pool as shown in figure 2.  For configurations 0 and 6, it means 2/3 and 4/5 of UL subframes respectively have to be configured in the data resource pool.  For configuration 3, all of the UL subframes have to be in the data resource pool as well because there are only 4 data subframes at maximum out of 6 subframes.  
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Figure 2
Based on the analysis, it is observed that there are restrictions to support VoIP traffic especially in certain TDD configurations (e.g. 2, 4 and 5). 

Observation 1：There are restrictions to support VoIP traffic in certain TDD configurations.
To relax the constraints for TDD, we can consider the followings:

- Allow smaller number of transmissions (e.g. 2) for TDD

- Allow configurable k to match different traffic requirements and different resource pool configurations

3  Configurable k

According to the analysis in section 2, for all the TDD configurations, configurable k (i.e. number of ones in the T-RPT bitmap) can provide the flexibility to adapt to different traffic requirements and different resource pool configurations.   For Mode 1, it also provides the flexibility for the eNB to allocate resources between WAN and D2D transmission based on the traffic loading.   e.g. in table 1, different  number of data subframes can be provided with different k values for configuration 1.  If the D2D traffic load is high but the eNB doesn't want to use all the UL subframes for D2D, k=7 can be chosen to support at least 3 MAC PDUs per 40ms.    
Table 1 TDD configuration #1，N=8

	 SA Period (ms)
	Number of repetitions for T-RPT bitmap 
	
	k

	
	
	
	1
	2
	3
	4
	5
	6
	7
	8

	
	
	No. of T-RPT patterns
	8
	28
	56
	70
	56
	28
	8
	1

	40
	2
	No. of data subframes
	2
	4
	6
	8
	10
	12
	14
	16

	
	
	No. of MAC PDUs
	0.5
	1
	1.5
	2
	2.5
	3
	3.5
	4

	80
	4
	No. of data subframes
	4
	8
	12
	16
	20
	24
	28
	32

	
	
	No. of MAC PDUs
	1
	2
	3
	4
	5
	6
	7
	8

	160
	8
	No. of data subframes
	8
	16
	24
	32
	40
	48
	56
	64

	
	
	No. of MAC PDUs
	2
	4
	6
	8
	10
	12
	14
	16

	320
	16
	No. of data subframes
	16
	32
	48
	64
	80
	96
	112
	128

	
	
	No. of MAC PDUs
	4
	8
	12
	16
	20
	24
	28
	32


Configurable k can be supported for all TDD configurations.  It is FFS whether additional k is supported for TDD configurations 0, 3 and 6.  Configurable k can be made independent on TDD configuration and hence the FFS be addressed.   The possible set of k values (e.g. between {1,2,4} for low load case and {5,6,7,8} for high load case)  can be SIB/RRC configured by the eNB to the transmitter UEs.  To signal it to transmitter UEs,  one additional bit in SA can be used to switch between two sets of k values.   Another approach is to forward the k values via PD2DSCH.  For Mode 2, it is desirable that k=N can be configured to avoid the limitation described in section 2.  For out of coverage cases if UE is not configured by the eNB on the k values, we can consider to avoid k=N by default to avoid always collision.    
Based on the analysis in this section, we have the following proposal:
Proposal 1 : Consider using configurable k instead of fixed k values for higher flexibility of data subframe assignment

4 T-RPT mapping to D2D resource period for TDD
The mapping between T-RPT bitmap and time resources is considered differently for Mode 1 and Mode 2.  For Mode 1, the mapping corresponds to contiguous UL subframes.  For Mode 2, the mapping corresponds to the ‘1’s indicated by the Mode 2 data resource pool.
For TDD system, number of UL subframes is different for different TDD configurations.  Therefore number of repetitions of T-RPT bitmap is also different as shown in table 2.  It was agreed that SA period can be configured from the choices of {40,80,160,320}  for TDD configurations 1-5.   SA period is also a multiple of N except for the case when 40ms period is configured in configuration 5. In such case,  there are only four UL subframe in the 40ms SA period which is not adequate for the entire bitmap length.  Only first four bits in the bitmap are used in the T-RPT bitmap and the last four bits are truncated [1]. 
Table 2
	TDD Config
	Number of UL subframes in a radio frame 
	N
	SA period (ms)

	
	
	
	40
	80
	160
	320

	
	
	
	Number of T-RPT bitmap repetitions

	1
	4
	8
	2
	4
	8
	16

	2
	2
	8
	1
	2
	4
	8

	3
	3
	6
	2
	4
	8
	16

	4
	2
	8
	1
	2
	4
	8

	5
	1
	8
	0.5
	1
	2
	4


For TDD configurations 0 and 6,  {80,160,320} are not the multiples of bitmap length N.  Therefore, the last bitmap can't fully map to the remaining subframes within SA period in such cases as shown in table 3.  

Table 3
	TDD Config
	Number of UL subframes in a radio frame
	N
	SA period (ms)

	
	
	
	80
	160
	320

	
	
	
	Number of T-RPT bitmap repetitions / remaining subframes

	0
	6
	7
	6 / 6
	13 / 5
	27 / 3

	6
	5
	6
	6 / 4
	13 / 2
	26 / 4


Table 4
	TDD Config
	Number of UL subframes in a radio frame
	N
	SA period (ms)
	Number of T-RPT bitmap repetitions

	0
	6
	7
	70
	6

	
	
	
	140
	12

	
	
	
	280
	24

	6
	5
	6
	60
	5

	
	
	
	120
	10

	
	
	
	240
	20


Given that there are always remaining subframes which cannot be fully mapped to the entire T-RPT pattern in configurations 0 and 6 if the same set of SA periods as FDD is used, it is better to make the possible SA periods be the multiples of  bitmap length N as shown in table 4.   Moreover, it is also better to align with the resource pool bitmap length as discussed in [2].  Therefore,  we propose to follow table 4. i.e.
Proposal 2: The possible D2D resource periods for TDD configuration 0 and configuration 6 are [70,140,280] and [60,120,240] respectively.
5 T-RPT mapping for TDD in out-of-coverage case
It was discussed in our companion contribution [2] that it is desirable to have pre-configured TDD configuration for out of coverage case and avoid supporting all UL subframes due to the following reasons:

-  Additional complexity of TDD UEs to support all UL subframes which is not in the current TDD configurations
-  Potential regulation issue since it does not follow TDD mode in a TDD carrier. 
Therefore, T-RPT parameters including N value and k value should follow the pre-configured TDD configuration. 

Proposal 3: T-RPT parameters should follow the pre-configured TDD configuration.
6 Conclusions
This contribution discusses the remaining details of T-RPT design for TDD.  Supporting VoIP traffic for TDD, configurable k, T-RPT mapping and parameters are discussed.   Based on the analysis, we have the following observation and proposals:
Observation 1：There are restrictions to support VoIP traffic in certain TDD configurations.
Proposal 1 : Consider using configurable k instead of fixed k values for higher flexibility of data subframe assignment
Proposal 2: The possible D2D resource periods for TDD configuration 0 and configuration 6 are [70,140,280] and [60,120,240] respectively.
Proposal 3: T-RPT parameters should follow the pre-configured TDD configuration.
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