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Discussion and decision
1 Introduction
RAN1 and RAN2 has agreed to introduce downlink channel quality in MSG 3 [2][3]. While both RAN1 and RAN2 has agreed on 8-bit channel quality reporting but there was difference of opinion in RAN2 on support for 2-bit quality report as follows:

· Some companies in RAN2 thinks 2-bit channel quality report is not needed.

· Other companies agree 2-bit channel quality is beneficial but there are two different proposals for sending the 2-bit channel quality report in MSG3.
The purpose of this discussion is to conclude on whether 2-bit channel quality report should be support or not, and if it to be supported then decide on one solution.

2 Discussion
2.1 Support 2-bit CQI
RAN2 discussed support for 2-bit CQI in MSG3 since RAN2#103bis and asked RAN1/RAN4 applicability of  2-bit report (see [1]) and RAN1 positively responded in [4] and also in [5]. Agreements communicated by RAN1 to RAN2 and RAN4 are shown in Table 1.
Table 1: RAN1 agreements for 2-bit CQI reporting in MSG3 (from [5])
	Agreement

For DL quality information for 2 bits, it is up to RAN4 to design the relevant details with the following input from RAN1.
· 1 state indicates ‘no measurement’

· 3 states indicate 3 reported values as a function of Rmax of the RAR MPDCCH (i.e. Type2-CSS) configured for the PRACH CE level, where the function is up to RAN4.

· It is up to RAN4 whether the assumed MPDCCH aggregation level is less than 24 if Rmax is 1.


The reason for supporting 2-bit is to allow CQI reporting for scenarios where MSG3 grant size larger than 56 bits has disadvantages, e.g. increased UE power consumption and wasted radio uplink resource [6]. For such scenarios 2-bit report is better than no report as confirmed by RAN1 agreements. Furthermore, 2-bit CQI report is supported in NB-IoT hence it makes sense to also allow 2-bit reporting for eMTC. 

Question 1. Considering RAN1 has agreed on 2-bit quality report, should RAN2 not support 2-bit CQI report in eMTC? 
	Company
	RAN2 Support/Not Support 2-bit CQI
	If Not support, then provide reason

	ZTE 
	It depends
	2-bit quality report is useful as there has the scenario that grant size may be not sufficient to include 8-bit quality report. But it’s not so critical. If RAN2 cannot reach a simple solution, we are fine not to support 2-bit quality report.

	Ericsson
	Not Support
	We agree with ZTE that it is not critical to support 2-bit QR. We have one working solution; 8-bit QR. Thus, an alternate solution is not desired at least in the rel-16 baseline. If any improvement/optimization is needed; such as 2-bit QR, this can be introduced later as TEI. The penalty of not having 2-bit QR, what we understand is that the legacy UE might have to perform 2 bytes additional padding. We do not think; the padding bits will increase UE processing complexity leading to consumption of additional power. Further, we do not agree with concern that NW may not provide large UL grant. Moreover, in some cases there is not even a problem (e.g.: fullResumeID configured and UE that comes from IDLE, not suspended, also if the UE have to send RAI for other reasons).


	Qualcomm
	Support
	Support for CQI in MSG3 one of the objectives of Release 16 eMTC WI therefore it makes sense to introduce both solutions from Release 16. Implications of 8-bit reporting on UE power consumption has been highlighted a number of times and there has been no disagreement on this. The grant size for MSG3 is up to operator decision and conside it is important to know force any deployment to use larger MSG3 size if they consider 2-bit CQI reporting is sufficient. In any case, the usefulness of 2-bit CQI reporting has been confirmed by RAN1 and its not right for RAN2 to disregard the work they have done.
Delaying 2-bit CQI reporting solution to later release only leads to fragmented implementation of the same feature and we see no justification to introduce additional layer of complexity in implementation and testing. Two solutions exist and RAN2 should decide amongst those solutions.

	Sequans
	Support
	Benefit is already confirmed by RAN1, we see no good reason to not conclude on this now.

	Huawei, HiSilicon
	Support
	We have already confirmed the benefit and has already been agreed to support. DL quality report in Msg3 is useful for Msg4 scheduling. Compared to 8-bit based quality report, there is no real complexity with 2-bit based quality report and there are some unused bits (R,. F2, E in MAC subheader) in Msg3.

	Intel
	Not support
	We agree with ZTE and Ericsson that it is not critical to support 2-bit quality report and it is fine not to support it for this release

	Ericsson
	
	Even for NB-IoT, 88 bits UL grant is provided; now with full resume ID + QR in MTC will result same as NB-IoT 88 bits. If either one of them (resume ID or QR), then it is just 72 bits. So, we are not prolonging MSG3 size then what is already provided for NB-IoT.
Considering NB-IoT device operates in more power limited and use case to support deep coverage, these devices already support 88 bits for Msg3, we do not think that it should be problem for MTC device.
RAN1 has said the 2 bits can be used; however, it is RAN2 who should decide whether to support this solution is justifiable or not. We think any of the two-bit solution that has been proposed is not a clean solution and may block any future extensions/repurposing.

	BlackBerry
	Support
	There is no signaling overhead or complexity, and the benefit of Downlink quality report in Message3 has already been agreed. 8 bit reporting may have some impact on UE power consumption (e.g. larger grants to all UEs). Grant sizes may be different depending on network implementation. RAN1 has already done the work based on 2 bits.


Summary 1: Four companies support 2-bit quality report, while 3 companies do not support 2-bit quality report. Given that it is for RAN1 to decide whether 2-bit quality report is beneficial or not and RAN1 has already defined how the 2-bits are to be used then there needs to be overwhelming support to overturn the current agreements.

Proposal 1: 
RAN2 should support 2-bit CQI report in MSG3.

2.2 Solution for 2-bit CQI

The two solutions under consideration are summarised in Figure 1:
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Figure 1 MAC header for 2-bit CQI reporting

With both solutions UE may only report 2-bit CQI if network indicates support for 2-bit CQI in SIB. Therefore, with both solutions there would be no confusion in the eNB whether UE sent a CQI or not. As per RAN1 agreements (see [5]), the meaning of each of the 4 code points would be as shown in Table 1 .

Table 2 CQI reporting with legacy CCCH

	CQI bit value
	Meaning

	00
	No measurement/legacy UE

	01
	CQI 1

	10
	CQI 2

	11
	CQI 3


Some of the key advantages and disadvantages of each solution are as follows:
Table 3 Pros and cons of each solution
	
	Solution 1
	Solution 2

	2-bit CQI possible if MSG3 extended in future
	Yes, E bit is not repurposed hence legacy rules apply.
	Yes, by including CQI in the last MAC header.

 

	No. of CQI values possible.
	3
	4, will require RAN1/4 to re-visit agreements.

	Limitations of R-bit usage (if network supports 2-bit CQI)
	R-bit has legacy meaning (i.e. R=1 is RESERVED) in all MAC headers with LCID other than CCCH. Therefore, R-bit can be repurposed for MAC headers with LCID other than CCCH.
	R-bit=1 in any MAC header cannot have any other meaning than F2 and E bits carry CQI.


Question 2. Comparing future impact of a 2-bit CQI solution, which solution do you support. 
	Company
	Solution 1 or Solution 2
	Provide justifications

	ZTE
	Solution 1
	We also have concern on the two issues of solution 2 (e.g., 4 CQI values needs RAN1/4 to re-visit agreements and R bit cannot have other meaning). So we prefer solution 1.

	Ericsson
	None
	As both solutions require unconventional way to repurpose the MAC subheader bits, we do not think either of the two solutions are suitable. However, we agree that if there is no any other alternate solution then one may consider one of the solutions. But here, we already have a working solution (8-bit QR), thus we do not think additional solution is needed.

	Qualcomm
	Solution 1
	Solution 1 only re-purposes the R and F2 bits in MAC header with LCID set to any CCCH value. All other MAC headers containing any other LCIDs are unaffected hence in future the control bits (R/F2/E) are free to be repurposed as and when needed.
Solution 2 places severe restrictions for future repurpose of control bits (e.g. R, F2, E) when network supports 2-bit CQI.

	Sequans
	Solution 1
	Agree with ZTE and Qualcomm

	Huawei, HiSilicon
	Solution 2
	We have already agreed the 3 bit report. Furthermore the “disadvantages” in the table are not accurate. 2-bit quality report is agreed to be used for non-EDT Msg3 case in RRC Idle. That means it is more likely that there is only one MAC subheader and one MAC CCCH SDU - It’s unlikely the Msg3 will need to be extended in this case. Even in case of multiple MAC subheaders, R-bit can be repurposed for MAC subheaders with a LCID other than CCCH in Solution2, the F2 and E bits would still be available when R bit is set to 0, and we also have the possibility to disable the feature, which is also already agreed in order to address the concern of using the R bit. On the contrary, if we do not use the R bit to indicate presence of the report, then it means F2 and E bits are unavailable for future use, instead of R bit only. Solution1 also results ambiguity in the eNB and will cause complexity during decoding. 
In addition, although we think RAN1 made an agreement too hastily (MAC encoding is RAN2 business), the RAN1 agreement does not need to be revisited, we can either use the additional value or reserve. 
Overall, use of R bit to indicate the presence provides more flexibility for future use, not less as the table above suggests. It also results in less complexity at the eNB side due to removing ambiguity by indicating a presence bit.

	Intel
	None
	If a solution for 2-bit quality report is needed, we would prefer to stick to the original agreement which is Solution 2. If R-bit is to be used in the future for some critical enhancement, 2-bit quality reporting can always be disabled.

	BlackBerry
	Solution 1
	Seems more efficient signaling-wise than Solution 2 as it only impacts the R and F2 bits (not the E bit). Solution 2 would force the use of the E bit for a new MAC header, so Solution 1 seems better extensibility-wise too.


Summer 2: 
Four companies support solution 1 (i.e. use R and F2 bits only for CQI), one company supports solution 2 and two companies support no solution.

Proposal 2:
Support the optimal and less restrictive solution (i.e. using R and F2 bits) to send 2-bit CQI in MSG3.

Question 3. Any other comments? 
	Company
	Comments

	Ericsson
	We think the 2-bit solution can be introduced later as TEI if the need is shown by real network deployments.


Summary

Six companies contributed to this email discussion and there is some majority for the way forward.

Given that both RAN1 and RAN2 has discussed 2-bit CQI for eMTC in MSG3 and RAN1 in particular has provided information how the two bits can be used to report CQI. Furthermore, the grant for MSG3 size varies in the filed (typically 56bits but it could also be larger). It is not sensible for network to provide larger grant to all UEs when only a few UEs require larger grant (i.e. UEs that support CQI in MSG3 and/or UEs that support UP optimisation). With 2-bit CQI support UEs can report CQI under various situations (e.g. network grants on 56bits only, network grants larger size but only sufficient to include full resume ID). For the above reasons:
Proposal 1: 
RAN2 should support 2-bit CQI report in MSG3.

Both solutions can deliver the CQI information requested by RAN1 and the differentiation between the two solutions is (1) efficient use of the bits, (2) impact of 2-bit CQI reporting with future extension of MSG3. Therefore: 

Proposal 2:
Support the optimal and less restrictive solution (i.e. using R and F2 bits) to send 2-bit CQI in MSG3.
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