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1
Introduction
In RAN1#78 [1] the following agreements and working assumptions were made regarding the T-RPT:
Agreement: 

· The following working assumptions on T-RPT are confirmed:

· T-RPT in the SA indicates: 

· Transmission interval(s) between transmission of multiple MAC PDUs 

· Resources for transmission of each MAC PDU 

Agreement:

· The only possible value of the number of transmissions of a given D2D communication MAC PDU is 4.

· Each transmission takes place in one subframe.

Agreement: 

· As per R1-143456, with:

· Addition of patterns with k=1

· For mode 2, patterns with k=N are not supported 

· In R1-143456 the following the following proposals can then be considered agreed:
· The T-RPT index range comprises no more than 128 values
· Each value maps to a T-RPT pattern
· The T-RPT pattern is derived from a length-N bitmap
· 1 indicates D2D transmission
· 0 indicates no D2D transmission
· Proposed working assumption: N = 8 and the number of ‘1’s in the bitmaps, k has the values {2,4,8}
· The length-N bitmap is mapped to the available D2D data subframes within a data scheduling period 
· 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 
As well as:

· Starting from the beginning of the T-RPT pattern, the first four 1’s correspond to the first MAC PDU, the next four 1’s correspond to the next MAC PDU, etc.
· Note that the 1’s do not have to be contiguous
· FFS whether the number of MAC-PDU transmissions or bitmap repetitions are indicated
· It is an error case when the last MAC PDU does not include 4 transmissions
In the discussion on SA contents it was agreed that no further fields are to be added to the scheduling assignment unless RAN1 agrees to have a reservation bit.
Agreement:

· No other fields in SA (unless resource reservation announcement is agreed)

The pending details of T-RPT design addressed in this contribution are the signaling of the number of MAC PDUs as well as the interval between multiple MAC PDUs. 
2
Relation between selected pattern and number of MAC PDUs
It is assumed that the eNB (in Mode-1) or the transmitting UE (Mode-2) decides in advance which k-value shall be used for a transmission. The k-value would depend on factors like the traffic load as well as the BW reserved for sidelink communication. For example a UE with a high input load would consider to use k=4 in order to transmit with a high bitrate. Another example is UE having a low traffic load being aware of many transmitting UEs in the same pool could select a value k=1 in order to improve the coexistence for more transmitters in the same frequency resource. This is especially important for Mode-1, where scheduling can be done taking into account all transmitting UEs under the same eNB.

From the T-RPT design perspective it is also assumed that different k-values have a certain number of patterns. In this contribution we assume that the eNB (in Mode-1) or the transmitting UE (Mode-2) first decide the k-value to be used and after that select a pattern with this k-value.
It should be noted as well that the number of T-RPT transmission opportunities depend significantly on the number of ‘1’s in the bitmap defining the data resource pool (in Mode 2) and the periodicity of SA transmissions for each pool. If one considers the worst case following current RRC parameter definitions, the maximum interval between SA transmissions is 320ms, which implies in at most 40 T-RPT opportunities not including the resources that need to be reserved for SA transmissions. Assuming FDD cases, and that 10% of the resources are then reserved for D2D transmission from that particular pool, there are only 4 T-RPT instances. The largest number of T-RPT opportunities would occur for a dedicated D2D carrier, but even in that case it is possible to divide the resources in 4 different pools following current agreements, which imply that are at most 10 T-RPT opportunities per pool. Moreover, overhead from SA transmissions need to be accounted for as well

Observation 1: The potential number of T-RPT transmission opportunities in a pool can be limited to <10 in the worst case, and it can be around 1-4 potential transmissions in typical configurations. 

2.1 Interval between multiple MAC PDUs

Before considering the implications on signaling to support transmission of multiple MAC PDUs, let us first consider what the implications are if such transmission is supported, and what extra indications are required to support efficient transmission of multiple MAC PDUs. 

Assuming it is possible to transmit more than one MAC PDU following an SA transmission, it is not completely clear if we need to define as well an extra interval between the transmissions of the different MAC PDUs. If there is no offset to vary the starting point of the transmission between the MAC PDUs, there is no real benefit of introducing such interval, at least from the perspective of orthogonalizing transmissions from different UEs, as shown in Figure 1. One potential motivation to introduce such feature could be to balance the packets in time inside the data resource pool and perhaps to gain some additional time diversity. One observation is that a similar effect can already be achieved with a lower k-value without any additional signaling, as shown in Figure 1. 


[image: image1]
Figure 1: Comparison between transmission using k=4 with interval between transmissions and offset between initial transmissions, and transmission using k=2 and orthogonal patterns. Same number of transmissions over 2 T-RPT instances is achieved in both cases.

Given the current agreements, there are no bits available to signal this interval between MAC PDUs. This implies that in case RAN1 decides to include some additional signaling bits in the SA to indicate the offset it is necessary to revisit some of the decisions made in previous meetings. This could be done by either allowing additional fields in the SA or by ‘stealing’ bits from the T-RPT to indicate the distribution of MAC PDUs within the data transmission pool. However, this would have the negative effect of significantly reducing the actual number of available patterns, which may impact the number of orthogonal patterns and the possibility to handle IBE and half-duplex limitations using the patterns.

One drawback of using smaller number of k-value to spread transmissions over the data transmission pool is that there are less opportunities for the UE, transmitter and receiver, to sleep in between transmissions. However, given the required extra complexity to define the corresponding signaling and the limited benefits of explicitly indicating offset and interval between MAC PDUs, we do not see that this drawback is enough to justify introduction of this feature. Hence, we propose the following:

Proposal 1: Do not specify explicit signaling of the interval between MAC PDUs or offset between initial transmissions and the first potential transmission of a MAC PDU.

2.2 Distribution of MAC PDUs in time to support real-time traffic

One of the potential justifications to support transmission of multiple MAC PDUs following a certain SA (including repetitions of the same SA), is to address real-time services like VoIP. For efficient support of VoIP it is most relevant to have opportunity to transmit packets as they come from higher layers, which could mean a periodicity of roughly 20ms. Hence, in principle this requires a mechanism to spread the multiple MAC PDUs in time.

Here it should be noted that it is already possible to support such feature in Mode 2 simply by defining the data resource pool bitmap such that the ‘1’s in the bitmap are defined to allow transmission of one T-RPT roughly every 20ms. Other suitable configurations are possible, e.g. by allowing transmissions of 2 T-RPTs every 40ms. The example above is assuming k=4 as main transmission scheme for this mode, but alternative configurations are possible, and the UE can take into account the known bitmap configuration before deciding on k-value for choosing the pattern.

The main drawbacks of such solution is that it only supports Mode 2, as there is no Mode 1 resource pool agreed in RAN1 so far, and also that non-real-time transmissions are spread in time similar to VoIP, and there is limited capacity to support those as the resource pool itself is not large. For scenarios where the Mode 2 resource pool is sharing resources with cellular communications this might not be an issue, as only a portion of the potential UL resources would be reserved for D2D transmissions, But this could be an issue in case of a dedicated D2D carrier, for example.
Observation 2: In case transmission of multiple MAC PDUs is supported, it is possible to support transmission of those multiple MAC PDUs spread in time such that it matches the periodicity of VoIP traffic by properly defining Mode 2 data resource pool bitmap. This is supported by existing RAN1 agreements already.
2.3 Indication of the number of MAC PDUs

Following agreements from RAN1#78, there is no indication neither in the SA nor in Mode 1 grant of how many packets will be transmitted in the data period following the SA transmission. This implies that even if the number of MAC PDUs is known at the time of SA transmissions, e.g. for non-real-time traffic, there is no solution defined how to signal that. Further, for certain types of traffic, like real-time traffic, the number of packets are not known at the time the SA is transmitted anyway, unless relatively large latency is tolerated, but this is not supported by existing signaling either. 

It has been decided in RAN1#78 [1] that “No other fields in SA (unless resource reservation announcement is agreed)”, and hence in principle it is not possible to add any signaling bits to the SA to indicate the number of MAC PDUs or if traffic is real time or not. Moreover, it should be noted that even if RAN1 would decide to add a corresponding field in SA, this would not address Mode 1 transmissions, as a corresponding field would need to be added in Mode 1 grant as well, where we are even more constrained in space. Hence, any signaling to support indication of number of MAC PDUs should be defined by reusing the 7 bits identified for T-RPT indication.
Observation 3: It is not possible to indicate an arbitrary number of MAC PDUs following SA transmission with current agreements.

In Mode 2 the reason for signaling information on the number of MAC PDUs is to help the receiver to save power. If the receiving UE does not know the number of MAC PDUs it has to test every potential position in the reception pool for a packet. This is particularly an issue if the pool is large and the actually transmitted packets are only a few. Moreover, if in addition the UE receives packets on multiple IDs the extra power consumption can be intolerably high. 
As the number of MAC PDUs cannot be indicated explicitly in the SA, one alternative would be to have it indicated in the MAC PDU itself by PHY layer signaling. One method is to signal the last MAC PDU as a phase shift on the DMRS of the PSSCH. This requires some additional complexity to detect the phase shift itself, or else the receiver first tries to detect the packet with regular phase and if it is not successful it tries it again with the phase shift. Another and perhaps simpler method could be to reorder the redundancy version numbers for the transmission of the last MAC PDU. This method would also use two decoding attempts when receiving the last MAC PDU, as well as in any case where a MAC PDU is not received correctly by the receiving UE, e.g. due to collision or change in propagation conditions. Both methods increase the probability for false detection, and moreover a receiving UE may miss the indication completely in case it is not able to decode the packet at all, or if it happens to prioritize cellular traffic by the time the last MAC PDU is being transmitted.

Observation 4: Schemes relying on PHY layer indication of last MAC PDU embedded in the MAC PDUs themselves are not robust and they increase complexity of the receiver. 
In Mode 1 the issue is not only related to the receiver as the transmitter needs to know exactly in which resources it has to transmit. Hence the number of MAC PDUs it is authorized to transmit should be deduced from the parameters given in the Mode 1 grant. This could happen for example following Table 1 below.

Table 1. Number of MAC PDUs and number of D2D subframes for Mode-1 for a pattern with a given k-value supported by existing agreements on 7-bit indication of T-RPT pattern
	k
	Number of MAC PDUs
	Number of subframes

	1
	1
	32

	2
	1
	16

	4
	1
	8

	8
	2
	8


This is in clear contrast to Mode 2, where the available subframes are defined by the bitmap. In case we want to explicitly signal the number of MAC PDUs we prefer a unified scheme for both Mode 1 and Mode 2. The most straightforward manner to do so is to reinterpret the 7-bit indication of T-RPT. 
Observation 5: In order to achieve a common framework for indication of number of MAC PDUs following a SA transmission between Mode 1 and Mode 2, the 7-bit indication of T-RPT should be used for such indication, if deemed necessary by RAN1. 
2.4 Potential solutions for supporting real-time traffic and supporting transmission of multiple MAC PDUs
Based on the discussion in the previous sections, the potential alternatives to resolve the issue addressed in this contribution are presented in Table 2 below. From the table it is clear that there are several alternatives depending on what is considered important to achieve and how much standardization efforts we can tolerate.

Table 2. Signaling alternatives for the number of MAC PDUs

	T-RPT
	Implications

	128 patterns
	No support for multiple MAC PDUs in Mode 1, except for 2 MAC PDUs for k=8
Either no support for multiple MAC PDUs in Mode 2, or PHY signaling required to indicate number of MAC PDUs or last MAC PDU in Mode 2

	128 patterns
Add indication of number of MAC PDUs in SA
	No support for multiple MAC PDUs in Mode 1, except for 2 MAC PDUs for k=8

Need to revisit agreement on fields in SA

	64 patterns
1 bit from T-RPT used for indication of real-time traffic
	Supports voice for Mode-1 (extra agreements needed on how to reserve resources following the Mode 1 grant and corresponding SA transmissions)
Resources for several MAC PDUs need to be reserved for Mode-1, which limits eNB scheduler flexibility
For Mode 2 it is FFS how to take into account the pool bitmap to reach a certain periodicity of resource availability
Either no support for multiple MAC PDUs in Mode 2 other than real-time traffic, or PHY signaling required to indicate number of MAC PDUs or last MAC PDU in Mode 2

	32 patterns

2 bits from T-RPT used for indication of 

a) Real-time traffic
b) 1 MAC PDU

c) 2 MAC PDUs

d) 3 or 4 MAC PDUs
	 Same solution for Mode-1 and Mode-2
 Can be used to signal an explicit number of MAC PDUs (up to 3 or 4)
For Mode 2 it is FFS how to take into account the pool bitmap to reach a certain periodicity of resource availability for real-time traffic



The first alternative is the simplest and also the most restrictive as it does not support multiple MAC PDUs for Mode 1 and voice communication is inefficient in that mode as it would require a new grant for each new VoIP MAC PDU. For Mode 2, this means either no support for multiple MAC PDUs as well, or else assumption of continuous transmission is needed, in which case PHY signaling in the MAC PDUs is required to indicate number of MAC PDUs or the last MAC PDU. 
The second alternative would be better for Mode 2 but Mode 1 still has the same issues as for the first alternative. Since in this alternative the number of MAC PDUs is explicitly signaling, which can also include indication of real-time traffic, no extra PHY layer signaling required in the MAC PDUs themselves. However, RAN1 has already agreed not to add any bits to the SA [1].
The third alternative makes voice communication easier for Mode 1 at the expense of a moderate reduction on the number of available patterns. For Mode 2 this requires some clarification on how the UE would interpret the indication of periodicity of T-RPT resources with the given bitmap configuration for Mode 2 data resource pool. If this is used to support an arbitrary number of packets other than continuous real-time transmissions in Mode 2, then some PHY signaling in the MAC PDUs is required to indicate number of MAC PDUs or the last MAC PDU.
The fourth alternative provides increased flexibility for signaling the number of MAC PDUs or real-time traffic for both Modes 1 and 2, but at the expense of a reduction on the total number of available patterns from 128 to 32 only.

On top of the options discussed above, one further alternative is to introduce a bitmap in Mode 1 similar to the one used to define the data resource pool in Mode 2. This can be used to allow sparse transmissions in time as described in section 2.2, or else in conjunction with the alternative where 1 bit from T-RPT is used to indicate real-time traffic or not. This would also harmonize the operations of Mode 1 and Mode 2. 
Moreover, given the fact that in typical scenarios the number of T-RPT opportunities is small as discussed earlier, the potential benefits from adding physical layer signaling to the MAC PDUs themselves to indicate the last MAC PDU in a data resource pool do not seem to compensate the extra complexity at the receiver and the extra standardization effort.

Based on the discussion above we have the following proposals:

Proposal 2: Consider the alternatives described in Table 2 for supporting transmission of multiple MAC PDUs following SA transmission. Do not support options requiring extra PHY signaling to indicate number of MAC PDUs or last MAC PDU in data transmission pool.
Proposal 3: Pending on decision to support multiple MAC PDUs following SA transmission, consider the introduction of a bitmap for configuration of resources used for transmission of multiple MAC PDUs in Mode 1. 
3
Conclusion
In this contribution, we discussed some final features for scheduling assignments with the following observations and proposals:
Observation 1: The potential number of T-RPT transmission opportunities in a pool can be limited to <10 in the worst case, and it can be around 1-4 potential transmissions in typical configurations.

Proposal 1: Do not specify explicit signaling of the interval between MAC PDUs or offset between initial transmissions and the first potential transmission of a MAC PDU.

Observation 2: In case transmission of multiple MAC PDUs is supported, it is possible to support transmission of those multiple MAC PDUs spread in time such that it matches the periodicity of VoIP traffic by properly defining Mode 2 data resource pool bitmap. This is supported by existing RAN1 agreements already.
Observation 3: It is not possible to indicate an arbitrary number of MAC PDUs following SA transmission with current agreements.

Observation 4: Schemes relying on PHY layer indication of last MAC PDU embedded in the MAC PDUs themselves are not robust and they increase complexity of the receiver. 

Observation 5: In order to achieve a common framework for indication of number of MAC PDUs following a SA transmission between Mode 1 and Mode 2, the 7-bit indication of T-RPT should be used for such indication, if deemed necessary by RAN1. 
Proposal 2: Consider the alternatives described in Table 2 for supporting transmission of multiple MAC PDUs following SA transmission. Do not support options requiring extra PHY signaling to indicate number of MAC PDUs or last MAC PDU in data transmission pool.
Proposal 3: Pending on decision to support multiple MAC PDUs following SA transmission, consider the introduction of a bitmap for configuration of resources used for transmission of multiple MAC PDUs in Mode 1. 
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Appendix Consideration on T-RPT bitmap restriction

In [2], T-RTP pattern restriction is proposed. In this Appendix, we demonstrate some use case of using T-RPT bitmap restriction.

At N = 8 k=4, 14 T-RPT patterns can be derived from the truncated Hadamard matrix (a 
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and its polarity flipped version (another 
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We denote the vertical concatenation of the truncated Hadamard matrix and its polarity flipped version as 
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, which is a 
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. P has the desirable property that it guarantees 2 Rx for UEs using different patterns from P. We note the same 14 transmit patterns can be also derived from  principles other than the Walsh-Hadamard matrix.

We can consider using permutations to generate other sets of patterns so this property is kept as permutation does not destroy the pattern property. In one example, at mode 2, each call group uses one such a set, and 2 Rx is guaranteed within the group; and 1 Rx is guaranteed across groups. Interference randomization can be also an important consideration for T-RPT restriction. Note for in-coverage mode 2, bitmap restriction can be facilitated through RRC signaling.
It can be verified that 30 sets, 
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, can be generated by applying the permutation defined by each row of matrix 
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Focus on the vector on the 19th row: 
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 in the above matrix signifies the permutation on the columns of 
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 to obtain a new set or a new matrix:
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Similarly, for 
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 can be defined by the permutation specified by the 
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  In addition, depending on the traffic load, one or more such sets can be combined and used in one cell (mode 1) or one call group in mode 2. Using a bitmap to configure the available T-RPT patterns can provide the needed support to enable 

From that, we have 

Observation:  If T-RPT restriction is considered in mode 1/mode 2, the T-RPT bitmap restriction is used.
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