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Discussion and decision
1 Introduction
The Rel 16 work-items for eMTC [1] enhancements include the following objective:
· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

Downlink channel quality reporting in MSG3 is supported for NB-IoT to assist eNB in achieving optimal scheduling from MSG4 which results in reduction of power consumption and bandwidth usage. The same benefits are also useful for eMTC. 
At RAN2#103bis and RAN2#104 following agreement were made [3][7]:

· Quality report in Msg3 is introduced for EDT. FFS for non-EDT.

· RAN2 waits for progress on the discussion of MT-EDT before deciding on whether channel quality report in Msg3 is introduced for EDT.

· Channel quality report in Msg3 is introduced for non-EDT.

This updated paper proposes mechanisms to report channel quality report in MSG3 for eMTC.
2 Discussion & Proposal
2.1 Recap

In eMTC, the RRC messages that can be transmitted in MSG3 and the remaining spares bits are shown in Table 1 [2].
Table 1 RRC messages carried in MSG3 and available spare bits
	Message
	No. of spare bits

	RRCConnectionRequest
	1

	RRCConnectionResumeRequest
	1 (Note)

	RRCConnectionReestablishmentRequest
	2

	RRCEarlyDataRequest
	Undefined.


Note: Same number of spare bits for both EDT and non-EDT resume request.

As can be seen from above table, all messages except RRCEarlyDataRequest has limited remaining space to send downlink channel quality report in MSG3. 
There is also 1 spare bit in MAC sub-header that could also be used and proposal in [4] is to combine the RRC MSG3 spare bit and MAC sub-header spare bit to create a CQI field of 2-bits. This proposal is not very good for the following reasons:

1. An IE split across two layers has never been done before and architecturally it is not good.

2. CQI reporting in MSG3 is an optimisation, not essential, hence using the only 1 spare bit in MSG 3 will mean there is no room left to fix really important issues in MSG3 in the future.
2.2 CQI report in RRC or MAC

There was also discussion if channel quality report if better to send in RRC message or in MAC PDU (see [5]). Given that there is limited space in RRC message and in MAC PDU then RAN2 does not really have a luxury to decide if report should be sent in RRC message or MAC PDU but rather this decision depends on which layer has space to carry the report. Based on the analysis so far, RRC message other than RRCEarlyDataRequest does not have more than 1 bit to send the report. Even then only one value of this bit can be used for CQI, other value is for legacy UEs.
Observation 1: All RRC signaling sent in MSG3 other than RRCEarlyDataRequest can only send one CQI indication.

Similarly, the spare bit in the first octet of the MAC header (see Figure 1) can also only send one CQI indication.

Observation 2: Spare bit in first octet of the MAC sub-header can only send one CQI indication.

2.3 CQI indication with 1 bit

In order not to completely use-up the only remaining spare bit in RRC MSG3, alternative is to use the spare bit in the MAC header to send CQI indication as follows:
3. MAC header spare bit = 0: eNB interprets UE is legacy.
4. MAC header spare bit = 1: eNB interprets UE requires more repetitions than eNB use for e.g. MSG2.
The factor by which UE requests eNB to increase repetitions can be left to RAN4 to define in the spec, e.g. it could be 2, or 4, or 8 etc.
Observation 3: Netter to use spare bit in the MAC header to send one indication for CQI in MAC PDU containing RRC MSG3.
This approach could be used for CP-EDT or define a new MAC CE to carry a more granular CQI report. But for EDT case it makes much more sense to include more granular report because MSG4 could be quite large hence optimal resource usage is highly desirable. To define a new MAC CE would require repurposing a reserved LCID value.
2.4 CQI indication with new MAC sub-header
The MAC header for MSG3 is shown in Figure 1 [6]. A length field up to 15-bits is sufficient for all currently defined MSG3 sizes (allows up to 32768 bits).
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Figure 1 First octet of MAC sub-header
Note eLCID is introduced in Release 15 and is not applicable to eMTC.
The F2 field in the header is used to differentiate between MAC sub-header with 16-bit length field and 7/15-bit length field. Therefore, given that up to 15-bit length field is enough for MSG3 then F2 would always be set to 0. Therefore, F2 and R bits can be combined to provide a 2-bit CQI field as shown in Figure 2.
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Figure 2 First octet of MAC sub-header with CQI
This requires using one (or two if frequency hopping support also needs to be indicated) of the reserve LCID (as shown in red in Table 2) to mean this octet contains CQI.
Table 2: Example LCID value for CQI
	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101
	CCCH and Extended Power Headroom Report

	01110
	CCCH and CQI

	01110-01111
	Reserved

	10000
	Extended logical channel ID field

	…
	…


During RAN2#105 concerns were raised with using any of the reserved LCID values for this purpose because this leaves only one (or zero) spare LCID value for future use. Alternative proposal is to re-purpose the NB-IoT LCID for this purpose as there would be no confusion at the eNB ((a) eMTC and NB-IoT UEs would not be scheduled in the same resources at the same time, (b) physical layers are different for eMTC and NB-IoT). Unfortunately, LCIDs used in NB-IoT are already re-purposed LTE/eMTC LCID, Table 6.2.1-2 of 36.321 [6].
Observation 3: All LCID values used for NB-IoT are used by eMTC/LTE already.

The 2-bit CQI (giving 4 separate indications) is much better than just one indication. The following conditions must be meet for UE to use this new MAC sub-header:

1. UE supports CQI reporting in MSG3
2. eNB signaled through SIBs it supports CQI reporting in MSG3

There is no backwards compatibility issue with this as the LCID would only be used when both UE and eNB support this feature.

The proposed mechanism works with non-EDT, MO-EDT and non-EDT without adding overhead.

Proposal 1: Define new MAC sub-header to carry CQI and repurpose an unused LCID value to identify new MAC sub-header

Proposal 2: eNB signals its support for CQI in message 3 for eMTC.

Proposal 3: UE uses the new MAC sub-header if eNB signals its support for CQI in message 3 and UE intended to report CQI in message 3.
2.5 CQI indication with new MAC CE

To send CQI with more than 2 bits in MAC protocol requires new MAC CE. Assuming 3-bits for CQI then 8-bits are needed for MAC CE (5 bits for LCID and 3 bits for CQI). But the next smallest TBS is 72 bits. Adding new MAC CE to CCCH SDU will increase size of MSG3 from 54 bits to 72 bits at least and all UEs (legacy and new) will be required to transmit larger TB, resulting in increased transmit time and resources. One of the key reasons to report CQI in in MSG3 is to optimize resource usage & power consumption for PDSCH operation but this should not be at the expense of increased uplink resource usage and power consumption. Reminder, typically it costs more power in the UE to transmit one bit than to receive one bit.
Observation 4: Increasing uplink TB size for MSG3 will increase power consumption for all UEs hence such mechanisms should be avoided.
2.6 CQI measurements done during T1 or T2

A MAC header-based scheme provides flexibility for UE to do measurements during T1 period (i.e. before transmission of preamble) and during T2 period (i.e. between reception of RAR and transmission of Msg3). Of course the possibility of doing measurement during T2 period depends on the gap between reception of RAR and transmission of Msg3. For example, eNB could signal in broadcast messages if gap between end of transmission of RAR and start of Msg3 transmission is longer than certain value then it expects UE to report measurements done during T2 period, otherwise measurements corresponds to T1 period.
Proposal 4: Measurements can be done during T2 period if gap between RAR and start of transmission of MSG3 is sufficiently large.

Summary

This document considers how in eMTC downlink channel quality report can be included in MSG3 and makes the following observations and proposals:

Observation 1: 
All RRC signaling sent in MSG3 other than RRCEarlyDataRequest can only send one CQI indication.

Observation 2: 
Spare bit in MAC sub-header can only send one CQI indication.

Observation 3: 
Better to use spare bit in the MAC header to send one indication for CQI in MAC PDU containing RRC MSG3.
Observation 3: 
All LCID values used for NB-IoT are already used by eMTC/LTE.
Observation 4: 
Increasing uplink TB size for MSG3 will increase power consumption for all UEs hence such mechanisms should be avoided.

Proposal 1:
Define new MAC sub-header to carry CQI and repurpose an unused LCID value to identify new MAC sub-header

Proposal 2:
eNB sgnals its support for CQI in message 3 for eMTC.

Proposal 3:
UE uses the new MAC sub-header if eNB signals its support for CQI in message 3 and UE intended to report CQI in message 3.

Proposal 4:
Measurements can be done during T2 period if gap between RAR and start of transmission of MSG3 is sufficiently large.

Proposal 5:
Send LS to RAN1 and RAN4 that there are 4 code-points available to send CQI in MAC sub-header for MSG3 for eMTC.
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