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1 Introduction

In this contribution we discuss two aspects related to how MAC should support ProSe operation. The first aspect is the design of the MAC PDU and the second aspect is the procedures for ProSe buffer status reporting.
2 Discussion
2.1 Design of MAC PDU

At RAN2#86 the following agreement was made:


MAC header for ProSe Direct communication consists of Destination Layer 2 ID, Source Layer 2 ID first field of MAC header followed by MAC subheader (existing format) and SDU.
In e-mail discussion 86#34 it was clear that companies interpreted this agreement in different ways. In the following text we give our view and present some alternatives.

The current MAC PDU comes in three different versions depending on which transport channel is used. Since ProSe is about transfer of user data, it is natural to look at the MAC PDU for DL-SCH and UL-SCH for inspiration when designing the MAC PDU for PSCH. The MAC PDU for DL-SCH and UL-SCH is shown in Figure 1. As can be seen the use of sub-headers in the header and control elements in the payload creates a design of the MAC PDU which is very modular, allowing for extension of both header and payload. 
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Figure 1 – Example of a MAC PDU. (Figure 6.1.2-3 from TS 36.321)

The agreement from the previous meeting does not mention the use of sub headers in the MAC header, nor does it mention the use of MAC control elements in the MAC payload. Without these, the modularity and flexibility of the MAC PDU is lost. Also, by reusing an existing design, existing code for parsing and assembly of MAC PDUs can be reused. Furthermore, a new design from scratch also implies more effort for specifying and testing. In conclusion, there are strong arguments for basing the design of the MAC PDU for PSCH on existing designs.
It is possible to design a MAC PDU where the first field is the Destination Layer 2 ID and the second field is Source Layer 2 ID. But this means that if the identifiers are extended, replaced, or exchanged in future releases, these fields are maybe not used, creating unnecessary overhead. We may also run the risk of UEs of different releases not being able to communicate with each other. Unless the fixed legacy fields are always present and set to valid values or some other version or release indicator/differentiator is present, a legacy UE may misinterpret a PDU sent by a UE of a future release. 
Proposal 1 The MAC PDU for PSCH shall allow for future extensions in an efficient way.

We present two solutions to solve this problem. Solution 1 is the solution which would adhere the most to the design of the existing MAC PDU. The solution is to put the identifiers in MAC CEs with corresponding sub-header, which could be an R/R/E/LCID sub-header, as the length of the identifiers is known. This solution allows for the highest degree of flexibility and possibility for code reuse.
Proposal 2 The identifiers are put in MAC Control Elements with corresponding R/R/E/LCID sub-header.

However, solution 1 is not strictly aligned with the previous agreement which states that the MAC header consists of the identifiers. Solution 2 addresses this issue with the design of a new sub-header which contains the identifiers. This new sub-header begins with the existing R/R/E/LCID fields followed by the identifier in question. This sub-header is not associated with a payload part. Solution 2 is similar in flexibility to Solution 1, but does not allow for the same level of code reuse, as a new sub-header containing new information is created.

Proposal 3 The identifiers are put in a new MAC sub-header with a structure like R/R/E/LCID/ID.
Regardless of which solution is agreed, the MAC PDU should maintain the structure with sub-headers in the MAC header and corresponding MAC control elements and MAC SDUs (and optional padding) in the MAC payload. A flexible modular design provides for better and more efficient future proofing/compatibility. A schematic overview of the complete MAC PDU is shown in Table 1.
	Solution 1 (maintains existing structure):

MAC PDU:

-
MAC header

-
0..n R/R/E/LCID sub-header

-
0..n R/R/E/LCID/F/L sub-header

-
0..2 R/R/E/LCID padding sub-header

-
MAC Payload

-
0..n MAC Control Element

-
0..n MAC SDU

-
0..1 Padding


	Solution 2:
MAC PDU:

-
MAC header

-
1 R/R/E/LCID/ID sub-header (new; no associated payload part)

-
0..n R/R/E/LCID sub-header

-
0..n R/R/E/LCID/F/L sub-header

-
0..2 R/R/E/LCID padding sub-header

-
MAC Payload

-
0..n MAC Control Element

-
0..n MAC SDU

-
0..1 Padding




Table 1 – Schematic presentation of the two solutions for MAC PDU.
2.2 BSR procedures

With respect to buffer status reporting for ProSe it has been agreed that triggers for ProSe BSR are based on legacy BSR triggers

“As a baseline, transmission of the ProSe-BSR is triggered by the same triggers as for transmission of Legacy BSR”
A number of procedural ProSe BSR aspects need further consideration, however. One such aspect is the relation between Legacy BSRs and ProSe BSR. In the following we address the following questions:

1)
Describe legacy BSR and ProSe BSR jointly or separately?

2)
Joint or separate timers for legacy BSR and ProSe BSR?

3)
Need for ‘long’ ProSe BSR in Rel-12?

4)
Existence or not of padding ProSe BSR?

5)
Handling of legacy BSR and ProSe BSR in case of UL-SCH resource limitation.
2.2.1 New procedure for ProSe BSR

Based on the agreement to base ProSe BSR triggers on legacy BSR triggers and that ProSe BSR, similar to legacy BSRs, will be reported over the Uu interface, it is natural to consider if the procedural aspects of ProSe BSR can be integrated in the legacy procedure. A number of circumstances indicate, however, that this would not be very practical or suitable. To mention a few:

i)
The main legacy BSR trigger is already rather involved and the need to further differentiate between legacy and ProSe logical channels and/or logical channel groups would appear unwieldy.

ii)
Differentiation in the legacy procedure between long, short and truncated BSR may not apply to ProSe.
iii)
The legacy procedure stipulates that “A MAC PDU shall contain at most one MAC BSR control element”. While this requirement can be differentiated it is expected to negatively impact readability.
iv)
Although ProSe BSR will be transmitted over the Uu interface, the report pertains to data available for transmission over the PC5 interface, which is essentially independent from the Uu interface and reports pertaining to data over that interface.

Considering the rather independent handling of logical channels for Uu and PC5 interfaces, it is therefore proposed to introduce the procedure for ProSe BSR with a new clause although based on the legacy procedure. 

Proposal 4 ProSe Buffer Status Reporting procedure is specified in a new clause.

2.2.2  Separate timers for ProSe BSR

Legacy buffer status reporting involves two timers facilitating periodic reporting and error handling; i.e., periodicBSR-Timer and retxBSR-Timer. It is envisioned that this functionality is needed or useful also for ProSe buffer status reporting. To this end one should consider whether the legacy timers should be resused or separate timers for ProSe BSR reporting should be introduced. Reusing legacy timers would imply slightly less signalling/configuration, but would on the other hand create potentially undesireable dependencies between interfaces, handling of their respective logical channels and scheduling thereof. As an example, considering the validity period of grants for Uu and PC5, respectively, it is considered likely that legacy and ProSe BSR timers could operate on different time scales. Hence, it would seem useful to have separate timers for legacy BSR operation and ProSe BSR operation.

Proposal 5 Timers for ProSe BSR are separate and independent from legacy BSR timers.

2.2.3 Number of LCGs in ProSe BSR

Following the example of legacy BSR and providing full support for all possible LCG IDs agreed for ProSe implies the introduction of three new BSR MAC control elements for ProSe: ProSe Long BSR, ProSe Short BSR and ProSe Truncated BSR. Following the agreement that in Rel-12 all ProSe logical channels will be mapped to a single LCG, however, there is no need to define Long or Truncated varieties for ProSe buffer status reporting. Such varieties or formats can without loss of generality be introduced in a later release.

Proposal 6 Only one ProSe BSR MAC control element is speficied in Release 12.

Proposal 7 The ProSe BSR MAC control element reports buffer status for one LCG.

2.2.4 ProSe BSR in case of padding

In case of padding and similar to legacy buffer status reporting, one may in case there is ProSe data available for transmission but no regular ProSe BSR is triggered under some circumstances be able to replace some padding with a ProSe BSR. Since legacy BSRs and ProSe BSRs are independent, but will contend for the same space in case of padding, some coordination complexity is foreseen however. Thus it should be considered if padding ProSe BSR is important enough to justify this complexity.

Proposal 8 Discuss whether padding with ProSe BSR should be supported.

In case padding ProSe BSR should be supported, it is suggested to define a consistent relation between padding with legacy BSR and padding with ProSe BSR. If the padding can accommodate both legacy and ProSe BSR there would appear to be no conflict. If the padding can accommodate less than both BSRs plus their subheaders, however, it is suggested to apply the simple rule that including a legacy BSR, whether short, long or truncated, has priority. I.e., ProSe BSR can be inserted instead of some padding if the number of padding bits is equal to or larger than the size of a Padding BSR plus its subheader plus the size of the ProSe BSR plus its subheader. This maintains legacy behaviour for triggering of legacy padding BSR.
Proposal 9 If padding with ProSe BSR is supported, a ProSe BSR can be inserted instead of some padding if the number of padding bits is equal to or larger than the size of a Padding BSR plus its subheader plus the size of the ProSe BSR plus its subheader. 
2.2.5 Handling of legacy BSR and ProSe BSR in case of UL-SCH resource limitation

While waiting for an opportunity to send a scheduling request or buffer status report due to legacy or ProSe data, data due to the other may become available and a need to send BSR for both arise; i.e., BSR MAC control element and ProSe BSR MAC control element waiting for transmission at the same time. Under some circumstances they will not both fit in the same UL transmission. One such case is during the RA-SR procedure, when the RA Response may provide an UL grant for as little as 56 bits. 

When performing the RA-SR procedure the UE will typically include a C-RNTI MAC control element and a BSR MAC control element:

	Msg3 content
	Header size
	Payload size
	Overall size

	C-RNTI MAC CE + Short BSR
	8+8
	16+8
	40

	C-RNTI MAC CE + Long BSR
	8+8
	16+24
	56


With data available for transmission in only one LCG it would seem possible to also fit a single octet ProSe BSR in the 56 bits available. With data available for transmission associated with multiple LCGs, however, both legacy BSR and ProSe BSR would not fit in 56 bits:

	Msg3 content
	Header size
	Payload size
	Overall size

	C-RNTI MAC CE + Short BSR + ProSe BSR
	8+8+8
	16+8+8
	56

	C-RNTI MAC CE + Long BSR + ProSe BSR
	8+8+8
	16+24+8
	72


Several possibilities to get both BSR through exists:

a)
Minimum UL grant in RA Response is increased to 72 bits

b)
ProSe BSR is deferred to next UL-SCH transmission

c)
Legacy BSR is truncated

Approach a) has minimal specification and UE impact, but may in addition to required update to eNBs also impact coverage. Approach a) is therefore deemed infeasible.

Approach b) has minimal procedural impact; the ProSe BSR will remain triggered and be transmitted at the next UL-SCH transmission opportunity. This however introduces additional latency. 

Approach c) implies extra logic for the handling of simultaneous legacy BSR and ProSe BSR, but reduces latency for the ProSe BSR. 

With approach b) it may furthermore be beneficial to modify the amount of data reported with the legacy BSR MAC control element by adding the size of the ProSe BSR plus its subheader to the amount of data reported as available for transmission. This to avoid segmentation of the transmission or incomplete transmission of legacy data due to the ProSe BSR (unexpectedly from the eNB point of view) being inserted in the next uplink transmission. This modification may not be essential though.

With approach c) such a modification of the amount of data reported as available for transmission may not be needed since the eNB may be able to deduce from the presence of a Truncated BSR that a further BSR can be expected in the next UL transmission.

Based on the above discussion, approach c) or b) appears most attractive;c) having an edge from efficiency point of view and b) (unmodified) from simplicity point of view.

	Msg3 content
	Header size
	Payload size
	Overall size
	Notes

	C-RNTI MAC CE + Short BSR + ProSe BSR
	8+8+8
	16+8+8
	56
	

	C-RNTI MAC CE + Long BSR
	8+8
	16+24
	56
	ProSe BSR to be provided with next uplink transmisson.

	C-RNTI MAC CE + Truncated BSR + ProSe BSR
	8+8+8
	16+8+8
	56
	


Proposal 10 When Long BSR and ProSe BSR are triggered but do not fit in the granted TB size, Truncated BSR may be reported instead of Long BSR; except when triggered for padding.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The MAC PDU for PSCH shall allow for future extensions in an efficient way.
Proposal 2
The identifiers are put in MAC Control Elements with corresponding R/R/E/LCID sub-header.
Proposal 3
The identifiers are put in a new MAC sub-header with a structure like R/R/E/LCID/ID.
Proposal 4
ProSe Buffer Status Reporting procedure is specified in a new clause.
Proposal 5
Timers for ProSe BSR are separate and independent from legacy BSR timers.
Proposal 6
Only one ProSe BSR MAC control element is speficied in Release 12.
Proposal 7
The ProSe BSR MAC control element reports buffer status for one LCG.
Proposal 8
Discuss whether padding with ProSe BSR should be supported.
Proposal 9
If padding with ProSe BSR is supported, a ProSe BSR can be inserted instead of some padding if the number of padding bits is equal to or larger than the size of a Padding BSR plus its subheader plus the size of the ProSe BSR plus its subheader.
Proposal 10
When Long BSR and ProSe BSR are triggered but do not fit in the granted TB size, Truncated BSR may be reported instead of Long BSR; except when triggered for padding.
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