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1 Introduction

This contribution discusses MAC aspects related to DVI/BSR, PHR, CP/UP indication, multi-tone IOT-bit signalling and fast dormancy signalling. It proposes to introduce new MAC signalling for NB-IoT for the mentioned items.

The following agreements have been made related to the BSR/DVI usage:
RAN2#91bis:
Assume that we need to support
· …
· BSR report
RAN2#Adhoc:
· A data volume indication, indicating the data volume for subsequent transmission(s) on SRB or DRB which may not yet be established, can be sent in MSG3. It is FFS if it is always sent or just under certain conditions
RAN2#93:
· Volume indication can be sent in msg3 for NB-IoT.

· Common volume indication mechanism should be designed for solution 2 and solution 18.
This contribution addresses open issues related to the “BSR/DVI usage” that remains after the RAN2#93 that also was discussed during the MAC open issue email discussion [1] as “issue 2”. It gives our view on how an uplink data volume indicator can be included in the MAC layer. For this discussion we use the term DVI (Data Volume Indicator) for the general mechanism used when reporting the UL data volume.

This contribution also discusses the possibility to send information about the power headroom (PHR) at the same time as the DVI.
Indication of CP/UP and multi-tone in the MAC header is also discussed and finally a way to signal “fast dormancy” using the proposed MAC CE field is proposed.
2 Discussion
It is the responsibility of the MAC layer to handle the scheduling of transport blocks both in UL and DL. To support this scheduling the MAC layers needs to know the amount of data and signalling that the UE wants to send in the UL direction.
Observation 1 The MAC layer needs to get informed about the volume of UL data and signalling that the UE wants to transmit.
From MAC scheduler point of view there should be nothing special with MSG3 compared with any other UL transmission since the scheduler should be transparent to RRC procedures, and therefore there should be no need for having different mechanisms for the DVI between MSG3 and any other UL transport block.
Observation 2 There is no need for having different mechanisms for the DVI, based on whether the UE is sending MSG3 or any other UL transport block

Solution 2 will only send data/signalling over SRB1, but solution 18 will use SRB1 for signalling and DRB for data, and since RRC is not used for the DRB, it means that the DVI cannot be sent over the RRC protocol.
Observation 3 The RRC protocol cannot be used for the DVI if we want to have a common method for both solution 2 and solution 18 that can be used in any UL transmission.


Due to the above observations and since the UL volume indication in legacy is handled by the MAC layer, it seems that the MAC layer is the most appropriate place for the handling of the DVI.
Proposal 1 The DVI should be handled by the MAC layer.
On the RAN1#ad-hoc#2 meeting power headroom reporting was discussed and the following agreement was made [2]:

•       RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using [2 bits] for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits
At the time of writing this document there was no formal LS received from RAN1 but it is expected to be received by RAN2 at the time this document is treated. In NB-IoT it is benefical for the eNB to know the power headroom already in Msg3, because this would give the eNB information about the current pathloss, which enables more efficient scheduling and link adaptation both in UL and in DL.   
Proposal 2 To achieve efficient scheduling and link adaptation a small power headroom report should be sent as part of MAC in Msg3, and it should also be possible to include this in any other UL MAC PDU.
In legacy MAC, the BSR control element is used as the DVI and it would seem reasonable to use this control element as a base also for the DVI in NB-IoT. There are however some differences in the requirements and wanted functionality between legacy LTE and NB-IoT, and these differences can be summarized as follows:

· There is fewer radio bearers (SRBs/DRBs) in NB-IoT compared to legacy LTE.

· The DVI should support reporting the UL volume also for radio bearers that have not yet been setup. This is needed for instance in Msg3 when a radio bearer has not yet been setup, but when it would anyhow be efficient to report the UL volume to the eNB.

· Due to the very low bandwidth in NB-IoT it is important to limit the size overhead of the DVI.

· The sizes of the transport blocks will be different and much smaller in NB-IoT compared to legacy LTE.

Due to the few number of radio bearers and the need for reporting UL data also for radio bearers not yet setup, it would seem reasonable in NB-IoT to support reporting the total UL volume that the UE wants to transmit and that is independent on whether any radio bearers have been setup or not and the number of them.
Proposal 3 The DVI should support reporting the total UL data and signalling volume for the UE (including all SRBs/DRBs) independent on whether any radio bearers have been setup and the number of them.
The size of the DVI should be as small as possible and if we take Msg3 as an example it seems we have the following different options when sending a DVI on the MAC layer:

1. Use a short BSR, including the MAC sub-header and the BSR information: 2 bytes overhead.

· This is the same usage as legacy LTE.

· For NB-IoT it would be possible to use a specific logical channel group for indicating the total UL volume that the UE wants to send independent on any radio bearer.

2. Include the DVI information as an extra octet combined with the CCCH MAC SDU using one MAC sub-header for this pair: 1 byte overhead, see Figure 1.

· Using this it is also possible to include PHR information.

· It should be possible to include this extra octet also in other UL messages than Msg3, and this can be done by adding a new LCID value for this MAC CE.
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In NB-IoT the Msg3 size may be limited to 72 to 88 bits, and with the other content planned to be included in Msg3, using a legacy BSR we believe results in too much overhead. However, by using only one extra octet, it is possible to include both the DVI information and the PHR, which are both important information to be sent in Msg3.
Proposal 4 The DVI and PHR should be included as an extra octet in the UL CCCH MAC PDU.
Proposal 5 It should be possible to include the DVI and PHR in a new MAC CE.
As can be seen in Figure 1 above there are two reserved bits marked R. If there is a need they could be defined differently depending on if the LCID=CCCH (for Msg3) or LCID=PHR/DVI (for any UL PDU during connected mode).

In [3] the need for having an AS indication for CP/UP access is discussed. As discussed previously an AS indication for CP/UP access also informs the eNB whether PDCP should be used. This indication could easily be included as part of Msg3 in MAC if proposal 4 is agreed.

Proposal 6 Include a bit field (of size 1 bit) in the MAC PDU header when LCID=CCCH to indicate CP/UP access.
Another option would be to use a special LCID to differentiate this but as the R bits are available this is not proposed as it is better to reserve new LCID values for future releases. 

At RAN#71 it was decided that an “IOT”-bit shall be introduced for multi-tone [4]:

· Provide an IOT bit to indicate whether UE supports 15 kHz multi-tone transmission

In [5] the signalling of this IOT-bit is proposed to be included as part of the signalled UE capabilities. When to signal this from the UE depends on for what UL message a multi-tone grant needs to be given. Further, as concluded by RAN1 in [6] multi-tone transmission with 3 or larger number of tones is only relevant for good coverage UEs (i.e. UEs in the lowest coverage level). Except for signalling the IOT-bit as part of the UE capabilities at least the following three different options exist:

1. Use a specific PRACH resource that is selected by multi-tone capable UEs that are in good coverage (as only those UEs would benefit from getting a multi-tone UL grant):

· This enables a multi-tone grant from Msg3

2. Signalling it as part of the MAC header:

· This enables a multi-tone grant from Msg5  

3. Signalling it in an RRC message, e.g. RRC Connection Setup Request (or RRC Connection Setup Complete):

· This enables a multi-tone grant from Msg5 (or just after)
A solution for option 2 can be done in a similar way as proposed in proposal 8, i.e. by using one of the R bits in figure 1. Furthermore, it is noted that the multi-tone indication is used for scheduling. Reporting of scheduling information is a MAC function.
Observation 4 Signalling the multi-tone “IOT-bit” is possible to be done by including a bit field (of size 1 bit) in the MAC PDU header when LCID=CCCH.
To ensure consistent understanding of the meaning of how much UL volume the UE shall report we propose to use the legacy method explained in section 6.1.3.1 of the MAC specification at the description of the Buffer Size. Here it is explained that the data available for transmission is taken both from the RLC and the PDCP layers, and for NB-IoT we also include the amount of data/signaling for a radio bearer even if it has not yet been setup.
Proposal 7 The calculation of the UL data/signalling volume for the UE should be done in the same way as in legacy (section 6.1.3.1 of the MAC specification), except that the calculation should also include the UL volume for radio bearers that have not yet been setup.
When the UE has no more UL data/signalling to transmit it seems there are two ways how this can be indicated in the UL MAC PDU: either the UE will not include the DVI MAC CE at all in a MAC PDU, or the UE will include a DVI MAC CE in the PDU that indicates 0 bytes.

Since there are two ways to signal the absence of more UL signalling/data, it would be possible to use one of these methods to also indicate a request for “fast dormancy” to the eNB. The UE would then use this “fast dormancy” signalling as an indication that it has no more UL data/signalling to send and does not expect any DL data/signalling within the near future. The advantage of “fast dormancy” is that the battery of the UE will last longer and therefore we propose to include it as part of the DVI.
Proposal 8 If the UE does not include a DVI MAC CE in an UL transmission, this should mean that the UE has no more UL data/signalling to send.
Proposal 9 If the UE includes a DVI MAC CE set to zero bytes in an UL transmission, this should mean that the UE in the near future has no more UL data/signalling to send and does not expect any DL data/signalling.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The MAC layer needs to get informed about the volume of UL data and signalling that the UE wants to transmit.
Observation 2
There is no need for having different mechanisms for the DVI, based on whether the UE is sending MSG3 or any other UL transport block
Observation 3
The RRC protocol cannot be used for the DVI if we want to have a common method for both solution 2 and solution 18 that can be used in any UL transmission.
Observation 4
Signalling the multi-tone “IOT-bit” is possible to be done by including a bit field (of size 1 bit) in the MAC PDU header when LCID=CCCH.


Based on the discussion in section 2 we propose the following:
Proposal 1
The DVI should be handled by the MAC layer.
Proposal 2
To achieve efficient scheduling and link adaptation a small power headroom report should be sent as part of MAC in Msg3, and it should also be possible to include this in any other UL MAC PDU.
Proposal 3
The DVI should support reporting the total UL data and signalling volume for the UE (including all SRBs/DRBs) independent on whether any radio bearers have been setup and the number of them.
Proposal 4
The DVI and PHR should be included as an extra octet in the UL CCCH MAC PDU.
Proposal 5
It should be possible to include the DVI and PHR in a new MAC CE.
Proposal 6
Include a bit field (of size 1 bit) in the MAC PDU header when LCID=CCCH to indicate CP/UP access.
Proposal 7
The calculation of the UL data/signalling volume for the UE should be done in the same way as in legacy (section 6.1.3.1 of the MAC specification), except that the calculation should also include the UL volume for radio bearers that have not yet been setup.
Proposal 8
If the UE does not include a DVI MAC CE in an UL transmission, this should mean that the UE has no more UL data/signalling to send.
Proposal 9
If the UE includes a DVI MAC CE set to zero bytes in an UL transmission, this should mean that the UE in the near future has no more UL data/signalling to send and does not expect any DL data/signalling.
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�Figure � SEQ "Illustration" \* ARABIC �1�: Example showing how both DVI and PHR  fields can be included in Msg3 with the CCCH and in any other UL MAC PDU.
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