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1 Introduction
In RAN#71 there were the following agreements:
· Provide an IOT bit to indicate whether UE supports 15 kHz multi-tone transmission [1]
·  From RAN1 point of view, Msg3 TBS size should allow 64 bits (targeted for RRCConnectionRequest) and 80 bits (targeted for RRCConnectionResume). [2]
· For UP solution, Source eNB assigns ID which is 40 bits. This is signalled in Msg3 to the target eNB  

In the previous meeting, Msg3 was discussed but the exact contents wasn’t decided yet. In this paper we focus on what kind of indications are beneficial to be put in msg3, and provide our proposals.
2 Differentiation of different msg3 sizes
In NB-IoT, a msg3 size of 64bits seems enough to carry the RRCConnectionRequest for the cases of CP mode and for the initial access in UP mode. For the resume procedure in UP mode, since the 40bits Resume ID was agreed, the msg3 size needs to be 80bits. Additionally, for non-NB-IoT, the legacy msg3 size is 56bits. With these assumptions, the following issues regarding msg3 scheduling need to be discussed:
Issue1: how does the eNB decide the TB size allocation for msg3 scheduling in NB-IoT?
Issue2: how does the eNB decide the TS size allocation for msg3 scheduling for non-NB-IoT (when CP/UP mode optimizations are supported)?
From the eNB perspective, currently there's no way to differentiate whether a random access attempt (i.e. msg1) from a UE is meant for RRCConnectionRequest or RRCResumeRequest. So the eNB cannot decide which UL grant in RAR to allocate for msg3, i.e. 64bits for RRCConnectionRequest or 80bits for RRCResumeRequest. For non-NB-IoT, the eNB may have to further discriminate the legacy RA attempts from CP/UP-mode RA attempts, since the legacy msg3 size is 56bits, which is different from either CP or UP mode msg3 size for NB-IoT .
A solution is then needed, for both NB-IoT and non-NB-IoT.

From a general point of view, 3 different alternatives can be considered:
Alt1. PRACH grouping to discriminate RA attempts related to different msg3 size.

For the PRACH grouping, there are different variants for NB-IoT and non-NB-IoT:

· NB-IoT: 2 different sets on NB-PRACH resources: one to signal the need to send a 64bits msg3 (used for the RRCConnectionRequest message, both in CP and UP mode) and the other one to signal the need to send a 80bits msg3 (used for the RRCResumeRequest message in UP mode, including the 40bits resume ID)
· Non-NB-IoT: 2 different PRACH groups: one to signal the need to send a 56bits msg3 (used for the RRCConnectionRequest message, for legacy LTE and for both CP and UP mode, without Data Volume Indication) and the other one to signal the need to send a larger msg3 (e.g. used for the RRCConnectionRequest message with DVI or for the RRCResumeRequest message)
Note: for non-NB-IoT, DVI is not really essential and it is then possible to fit a RRCResumeRequest message (without DVI but with a 40 bits Resume ID) in a 72bits msg3. So this is the TB size that the eNB could allocate for msg3 in case a preamble from the second set is used. Alternatively, the next available size in the TBS table allowing the inclusion of DVI (88bits, with NPRB=3 or 4) could also be considered. 
Alt1 is a straightforward solution with limited complexity, although it might be hard for the eNB to decide how to split the (NB)PRACH resources for each group. Although the eNB can make a good estimation of the number of the RRC suspended UEs based on the stored context records, the eNB has no effective way to estimate the number of CP-configured IDLE UEs and legacy IDLE UEs in its area. The eNB may have to update the PRACH group configuration more frequently and/or overprovision PRACH resources.

Alt2. The eNB always allocate 80bits for NB-IoT (or e.g. 72bits for non-NB-IoT) for msg3 transmission when the eNB supports both UP and CP.
Alt2 is the simplest, no complexity will be introduced. However, in case both UP and CP solutions are supported this leads to radio resource waste. Specifically for non-NB-IoT (where legacy UEs requiring 56 bits msg3 obviously need to be supported) this solution is considered as not viable.
Alt3: The eNB always allocates 64bits for NB-IoT (or 56bits for non-NB-IoT) for msg3 transmission when the eNB supports both UP and CP.
In this case, during the resume procedure, if the UE detects that its location is unchanged compared to when the connection was last suspended, the UE could only include the ResumeID_UEIDpart (say 20 bits) in msg3. From the eNB perspective, if it receives the ResumeID only including the UEIDpart, it can consider the cell receiving the RRCResumeRequest message to retrieve the ResumeID_NetworkIDpart (and the shortMAC-I will still use full 40bits ResumeID as input at both UE side and eNB side). On the other hand, if the UE detects that its location has changed compared to when the connection was last suspended, the UE could still include the ResumeID_UEIDpart but also indicate that the cell has changed so that the ResumeID_NetworkIDpart needs to be sent in msg5.
The benefit of alt3 is that most of the NB-IoT UEs are expected to be stationary, thus the radio resources for msg3 could be used more efficiently.
Proposal1. Agree either Alt1 (preferred) or Alt3 as a solution to allow different msg3 sizes (or fixed msg3 size with the option to include delta information in msg5 only for moving UEs).

3 Information needed in Msg3
3.1 Multi-tone support
It was agreed in RAN#71 that single tone should be mandatory for the UEs and one bit indicating whether the UE supports 15kHz multi-tone transmission needs to be provided to the eNB.
Thus the remaining issue is where to put the capability bit. Considering that this indication is useful for resource scheduling and efficiency, it's better to send it to the eNB as early as possible. Since UL data transmission in CP mode happens in msg5, it could be beneficial to put this indication before msg5, i.e. msg1 or msg3.
In the last RAN1 NB-IoT adhoc meeting there were discussions on putting this indication in msg1. However from RACH management perspective, this could have some disadvantages:

· The more NB-PRACH resources need to be split, the more complexity is needed for the NB-PRACH management algorithm [4] and the more radio resources risk to be wasted.

· More SIB overhead


Furthermore, sending this indication in msg1 can further assist the scheduling efficiency of msg3 but, considering the small size of msg3, the real benefit in terms of radio efficiency in transmitting msg3 in multi-tone fashion (instead of single-tone) is somewhat unclear.
Based on this analysis, we propose to put this indication in msg3.
Proposal2: A one bit indication whether the UE supports 15kHz multi-tone transmission shall be included in msg3.
If the above proposal is accepted, the following issue needs to be further addressed:
Where to place this indication? MAC or RRC?
From the protocol perspective, this indication is used by resource scheduling function, so it should be handled by MAC. Furthermore, adding this indication in MAC instead of RRC can reduce the interaction of MAC/RRC and save the spare bits in the RRC part of the message 
Proposal2a: if proposal2 is approved, it's suggested to put the indication of multi-tone support in MAC (rather than in RRC).
3.2 Configured CP/UP transfer modeIt has been suggested to introduce a (single-bit) indication in the RRC Connection Request message to indicate whether the NB-IoT UE is configured to use CP or UP transfer mode, to determine whether/how PDCP (i.e. whether PDCP header is required) should be configured for SRB1. 
However we don’t see the need for this. In our understanding, both the network and the UE can assume that there will not be AS security before AS security is eventually activated (only in case of UP transfer mode). That is to say, no matter which mode (CP mode or UP mode) the UE supports or has been configured to use, the UE and the network always operate in PDCP transparent mode for SRB1 before AS security is activated, which means that for SRB1, PDCP is always transparent before AS security is (eventually) activated [5].
Proposal3: There's no need to introduce a “CP/UP configured” indication in msg3.
3.3 CP and UP Data volume indication/Buffer status reportIt has been agreed that a data volume indication of subsequent transmission can be sent in msg3. In general, such indication could be placed in MAC or in the RRC message. In the following, pros and cons of each method are discussed. 
Data volume in RRC message: 

This approach looks easy but the problem is that the data volume should be handled by the MAC entity, therefore sending it in RRC will increase the MAC/RRC interaction complexity.
Data volume in MAC CE:

A more natural approach is to include a MAC CE in msg3. This would add 1 byte leading to an overall msg3 size of 64 bits (also including the MAC subheader) for the CP mode solution and 80 bits for the RRCResumeRequest message for the UP mode solution (both in line with the current RAN/RAN1 assumptions). The details of the MAC subheader and new MAC CE could be as follows. 
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Figure 1: Adding BSR MAC CE in msg3
The current BSR MAC CE would be reused without changes. One reserved bit in CCCH MAC-subheader could be used to indicate the BSR MAC CE instead of adding a BSR mac-subheader, e.g. (see figure 1) the first R bit of CCCH-MAC-subheader is redefined as ‘M” bit, where M=1 represent that msg3 carrying one more byte BSR MAC CE after the mac subheader, M=0 means no BSR MAC CE in msg3.
Another alternative of indicating the existence of the BSR MAC CE without adding a BSR mac-subheader is to define a new LCID to simultaneously represent the CCCH AND BSR. For example, it is possible to define a reserved LCID value 10101 (in UL-SCH LCID table) to indicate "CCCH & BSR". Comparing with the above approach, this method doesn't need to use the expensive reserved bit in mac-subheader. Furthermore, there a number of reserved LCID values that could be used.
Data volume in MAC sub-header:
In NB-IoT scenario, the R/F2/E field in CCCH-SDU mac-subheader are not so useful in msg3. These 3bits could then be considered to indicate the data volume (3bits may be enough considering that the data volume in NB-IoT is not huge). In this way it is possible to ensure that the size of msg3 does not exceed 56bits. In this case, in order to indicate the existence of a data volume indication in MAC sub-header, a new LCID value needs to be defined.
Proposal4: Data volume indication should be included in MAC, either in MAC CE or in MAC sub-header.
3.4 Multi-PRB supportIn the RAN2#93 meeting, it was agreed that: [3]
- For C-plane solution, a non-anchor PRB can be configured when an RRC connection is established (i.e., Msg.4) 
- For U-plane solution, a non-anchor PRB can be configured when an RRC connection is (re)established, resumed or reconfigured
- After the HARQ acknowledgement for Msg.4, UE start monitoring  an non-anchor PRB and Msg.5 is delivered on an non-anchor PRB
To supporting the above agreements, it's suggested to send an indication of whether the UE can support the multi-PRB functionality, i.e. non-anchor PRB configuration by msg4. Based on similar reasons as in 3.1, it's suggested to send this indication in msg3, and put it in MAC.
Proposal5: A one bit indication whether the UE supports multi-PRB operation shall be included in msg3.
Proposal5a: If proposal5 is approved, it's suggested to put the indication of multi-PRB support in MAC.
Considering that the indications of multi-tone capability, data volume, multi-PRB capability are all related with eNB scheduling, to have a consistent solution we suggest that these indications should be put together, i.e. either in MAC or in RRC instead of splitting them into MAC and RRC. 

3.5 NB MAC CE in Msg3Considering all the information above, one possible solution is to define a NB-IoT dedicated MAC CE to include all these indications. Figure-2 shows an example of the definition of the NB-IoT dedicated MAC CE which includes 3 fields, i.e. the indication of whether multi-tone transmission is supported, the indication of whether multi-PRB operation is supported, the data volume indication, and 2 reserved bits for extension possibility, e.g. for PHR.
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Figure 2: NBIoT dedicated MAC CE in msg3
Another way of indicating the existence of the NB MAC CE is to define a new LCID value, as described in 3.2. For example we can define a new LCID value only indicating the NB MAC CE (this requires one more byte of mac-subheader), or a new LCID value simultaneously indicating CCCH & NB MAC CE (which can save an additional byte of mac-subheader).
Proposal6: All the indications (multi-tone support, data volume, multi-PRB support) should be put together, i.e. either in MAC (preferred) or in RRC, instead of splitting them into MAC and RRC.
4 Conclusion

Proposal1. Agree either Alt1 (preferred) or Alt3 as a solution to allow different msg3 sizes (or fixed msg3 size with the option to include delta information in msg5 only for moving UEs).

Proposal2: A one bit indication whether the UE supports 15kHz multi-tone transmission shall be included in msg3.
Proposal2a: if proposal2 is approved, it's suggested to put the indication of multi-tone supporting in MAC (rather than in RRC).
Proposal3: There's no need to introduce a “CP/UP configured” indication in msg3.
Proposal4: Data volume indication should be included in MAC, either in MAC CE or in MAC sub-header.
Proposal5: A one bit indication whether the UE supports multi-PRB operation shall be included in msg3.
Proposal5a: If proposal5 is approved, it's suggested to put the indication of multi-PRB supporting in MAC.
Proposal6: All the indications (multi-tone support, data volume, multi-PRB support) should be put together, i.e. either in MAC (preferred) or in RRC, instead of splitting them into MAC and RRC.
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