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Introduction
Currently there is ambiguity with regards to the 2-bit solution. Even though RAN2 agreements capture that the solution is based upon R+F2+E, however some companies suggest using is R+F2.
This paper discusses the 2-bit solution.
[bookmark: _Ref178064866]Discussion
There is already an agreement: The 2-bit solution is applicable only for non-EDT when there is not enough space to accommodate the 8-bit QR. For all other cases, the 8-bit QR shall be used. There is also agreement that R, F2 and E bit will be used.
[bookmark: _Toc37277669][bookmark: _Toc37319222][bookmark: _Toc37340753][bookmark: _Toc37344478][bookmark: _Toc37344503][bookmark: _Toc37354884][bookmark: _Toc37354963][bookmark: _Toc37355061][bookmark: _Toc37364010][bookmark: _Toc37364090]2-bit solution is applicable only for non-EDT. E bit can be used in the MAC subheader.
However, in RAN2, it is still debated whether the solution is based upon R+F2+E or just R+F2 or may even be F2 +E. From NW perspective, the main reason to obtain the QR is to be able to predict the suitable number of Aggregation levels and repetition number required. This may be used for both MPDCCH and PDSCH link adaptation. Further, granular reporting has more certainty and accuracy than the coarse reporting. The granular reporting may be used also for selecting MCS for PDSCH.
A finer level of granularity is useful and desired as that is more accurate and could be translated easily into using the suitable link adaptation parameters. That is the main reason as why 8-bit QR is preferred compared to the 2-bit QR. Hence, if 2-bit QR is to be supported then with the same reasoning R+F2+E is preferred as it provides larger mapping than just using the R+F2
As 2-bit QR is to be used only for non-EDT, we do not see any issue to include it in the last MAC subheader. In this case, it would be the usual 
· UL CCCH subheader (when UL grant is of 56 bits) 
· UL CCCH subheader (when UL grant is of 72 bits and full resume ID is used) 
· Padding subheader (72 bits)
· Next possibility for the non-EDT case is UL grant of 88 bits (same as NB-IoT). In this case, it is expected that UE will send the QR using the 8-bit solution.

[bookmark: _Toc36902125][bookmark: _Toc36902956][bookmark: _Toc37276220][bookmark: _Toc37277670][bookmark: _Toc37319223][bookmark: _Toc37340754][bookmark: _Toc37344479][bookmark: _Toc37344504][bookmark: _Toc37354885][bookmark: _Toc37354964][bookmark: _Toc37355062][bookmark: _Toc36301080][bookmark: _Toc37364011][bookmark: _Toc37364091]Finer granularity report is desired than the coarse granularity. RAN2 should strive to provide finer granularity.
As RAN2 has previously agreed to use R+F2+E and the SIB based enabling/disabling. It is possible then to use R, F2 and E bits for QR. This provides 8 CQI mapping where the first 000 would imply no measurement. This will obviously provide better granularity reporting and also easy to decode for eNB. eNB just has to check any of the R, F2 or E bit in the last subheader is 1 to understand there is QR. In terms of specification impact as well it is cleaner than other solution.
Table: dl-MeasReport values definition for eMTC (3-bit, 8 QR)
	dl-MeasReport field
	Rmax == 1
	1 < Rmax <= 16
	Rmax >= 32

	000
	No measurement/Not Supported
	No measurement/Not Supported
	No measurement/Not Supported

	001
	Aggregation level 1
	Repetition level 1
	Repetition level 4

	010
	Aggregation level 2
	Repetition level 2
	Repetition level 8

	011
	Aggregation level 4
	Repetition level 4
	Repetition level 16

	100
	Aggregation level 8
	Repetition level 8
	Repetition level 32

	101
	Aggregation level 16
	Repetition level 16
	Repetition level 64

	110
	Aggregation level 24 and Repetition level 1
	Repetition level 32
	Repetition level 128

	111
	Aggregation level 24 and Repetition level 2
	Repetition level 64
	Repetition level 256

	Note: Aggregation level is assumed to be 24 in case Rmax > 1. 



[bookmark: _Toc37319224]Since the supported MPDCCH repetition numbers are {1, 2, 4, 8 ,16, 32, 64, 128, 256}, we need 4 bits to report all the supported repetition level in the channel quality reporting. For 2-bit table as shown below Table 2, RAN4 has to set large dynamic range {Rmax/8, Rmax/4, Rmax, 4xRmax} at the sacrifice of granularity. For example, the SNR difference between Rmax/4 and Rmax is 6dB with static channel condition. A 3-bit table as shown above (Table 1) is more beneficial compared with 2-bits table for both supported dynamic range and granularity. 
Considering an example. NW has set Rmax to 64 and UE would like to report that 32 repetition in the 2-bit solution. In below 2-bit table; UE will have no option to say 32 repetitions. UE will have to report value 3 which corresponds to 64. Hence there is no use of QR that UE sends. In the above 3-bit case, UE can send “100” (R=1, F2=0, E=0) to reflect the correct value 32.
The overhead of using the R, F2 bit or R,F2 and E bit is the same. In-fact, R and F2 would be problematic as UE has already spent the power to compute the needed QR; but then it needs to squeeze into only 3 mappings which is basically waste of power consumption as it will not reflect the real CQI.
								Table 2: 2-bit (4 QR)
	
	Rmax
	1
	2
	4
	8
	16
	32
	64
	128
	256

	Value 1
	Rmax / 8
	1
	1
	1
	1
	2
	4
	8
	16
	32

	Value 2
	Rmax / 4
	1
	1
	1
	2
	4
	8
	16
	32
	64 

	Value 3
	Rmax
	1
	2
	4
	8
	16
	32
	64
	128
	256

	Value 4
	4 x Rmax
	4
	8
	16
	32
	64
	128
	256
	256
	256




[bookmark: _Toc37354886][bookmark: _Toc37354965][bookmark: _Toc37355063][bookmark: _Toc37340755][bookmark: _Toc37344480][bookmark: _Toc37344505][bookmark: _Toc37364012][bookmark: _Toc37364092]The overhead of using either R, F2 or using R, F2 and E for quality reporting is same. Rather it would be simpler for R, F2 and E solution as it is easier to map the CQI into granular level than into a coarse level. The power consumption and reporting complexity from UE is same. 
[bookmark: _Toc37354887][bookmark: _Toc37354966][bookmark: _Toc37355064][bookmark: _Toc37364013][bookmark: _Toc37364093]The benefits of using R, F2 and E for QR provides 8 mapping compared to just 3 mapping using R, F2.
[bookmark: _Toc37340756][bookmark: _Toc37344481][bookmark: _Toc37344506][bookmark: _Toc37354888][bookmark: _Toc37354967][bookmark: _Toc37355065][bookmark: _Toc37364014][bookmark: _Toc37364094]The benefit is clearly reflected in the above analysis and seen from table 1 when the report is granular compared to Table 2. Table 1 also includes Aggregation Level-
[bookmark: _Toc37340757][bookmark: _Toc37344482][bookmark: _Toc37344507][bookmark: _Toc37354889][bookmark: _Toc37354968][bookmark: _Toc37355066][bookmark: _Toc37364015][bookmark: _Toc37364095]The reported QR using 2-bit may have no significance or gain at all. 
[bookmark: _Toc36373100][bookmark: _Toc36555582][bookmark: _Toc36902127][bookmark: _Toc36902953][bookmark: _Toc37276222][bookmark: _Toc37277672][bookmark: _Toc37319225][bookmark: _Toc37340758][bookmark: _Toc37344483][bookmark: _Toc37344501][bookmark: _Toc37354890][bookmark: _Toc37354969][bookmark: _Toc37364016][bookmark: _Toc37364096]All the bits are used for QR “R+F2+E”.
[bookmark: _Toc36902128][bookmark: _Toc36902954][bookmark: _Toc37276223][bookmark: _Toc37277673][bookmark: _Toc37319226][bookmark: _Toc37340759][bookmark: _Toc37344484][bookmark: _Toc37344502][bookmark: _Toc37354891][bookmark: _Toc37354970][bookmark: _Toc37364017][bookmark: _Toc37364097]RAN2 to agree on the below text proposal.
Text Proposal

5.25	Transmission of Downlink Channel Quality Report
[bookmark: _Hlk23445398]The MAC entity of a BL UE or UE in enhanced coverage may be configured by upper layers to report DL channel quality in Msg3. DL channel quality in Msg3 in RRC_CONNECTED is not reported. 
If the UE is a BL UE or UE in enhanced coverage, or a NB-IoT UE, a Downlink Channel Quality Report (DCQR) shall be triggered if any of the following events occur:
-	DCQR Command MAC control element is received, in which case the DCQR is referred below to as "Regular DCQR";
-	for BL UE or UE in enhanced coverage, transmission of DCQR in Msg3 is configured by upper layers in mpdcch-CQI-Reporting, in which case DCQR is referred below to as "Msg3 DCQR".
If any type of DCQR has been triggered:
-	start performing DL channel quality measurements according to TS 36.133 [9].
If "Regular DCQR" has been triggered:
-	if an uplink grant has been received on the PDCCH for MAC entity’s C-RNTI:
-	instruct the Multiplexing and Assembly procedure to generate a DCQR and AS RAI MAC control element as defined in clause 6.1.3.18;
- 	cancel the triggered "Regular DCQR".
If "Msg3 DCQR" has been triggered:
-	if an uplink grant has been received on the PDCCH for MAC entity's RA-RNTI:
-	instruct the Multiplexing and Assembly procedure to generate a DCQR and AS RAI MAC control element as defined in clause 6.1.3.18;
-	if the resulting MAC PDU does not fit in the uplink grant provided in RAR:
-	FFS use (R+F2+E or R+F2) fields in the MAC PDU, if configured by upper layers in mpdcch-CQI-Reporting, to transmit the measurement outcome, as defined in clause 6.2.1. 

[bookmark: _Toc29243054]6.2	Formats and parameters
[bookmark: _Toc29243055]6.2.1	MAC header for DL-SCH, UL-SCH and MCH
The MAC header is of variable size and consists of the following fields:
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1, 6.2.1-2 and 6.2.1-4 for the DL-SCH, UL-SCH and MCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. If the LCID field is set to "10000", an additional octet is present in the MAC PDU subheader containing the eLCID field and this additional octet follows the octet containing LCID field. A UE of Category 0, as specified in TS 36.306 [12], except when in enhanced coverage, and unicastFreqHoppingInd-r13 is indicated in the BR version of SI message carrying SystemInformationBlockType2, and UE supports frequency hopping for unicast, as specified in TS 36.306 [12], shall indicate CCCH using LCID "01011", a BL UE with support for frequency hopping for unicast, as specified in TS 36.306 [12], and a UE in enhanced coverage with support for frequency hopping for unicast, as specified in TS 36.306 [12], shall if unicastFreqHoppingInd-r13 is indicated in the BR version of SI message carrying SystemInformationBlockType2 indicate CCCH using LCID "01100", otherwise the UE shall indicate CCCH using LCID "00000". The LCID field size is 5 bits;
-	eLCID: The extended Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element as described in tables 6.2.1-1a and 6.2.1-2a for the DL-SCH and UL-SCH respectively. The size of the eLCID field is 6 bits.
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field and F2 field;
-	F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements and except for when F2 is set to 1. The size of the F field is 1 bit. If the F field is included; if the size of the MAC SDU or variable-sized MAC control element is less than 128 bytes, the value of the F field is set to 0, otherwise it is set to 1;
-	F2: The Format2 field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F2 field per MAC PDU subheader. The size of the F2 field is 1 bit. If the size of the MAC SDU or variable-sized MAC control element is larger than 32767 bytes, and if the corresponding subheader is not the last subheader, the value of the F2 field is set to 1, if shortQualityReport-r16 is enabled, a BL CE UE indicates a quality report bit in F2 bit the last MAC subheader, otherwise it is set to 0.
-	E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least R/F2/E/LCID fields or a BL CE UE indicates a quality report in E bit in the last MAC subheader when shortQualityReport-r16 is enabled. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte;
-	R: Reserved bit, set to "0", except when a BL CE UE indicates a quality report in R bit in the last MAC subheader when shortQualityReport-r16 is enabled.
Editor's note: FFS details on short downlink channel quality report for eMTC. 
The MAC header and subheaders are octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	DCQR Command

	10010
	Activation/Deactivation of PDCP Duplication

	10011
	Hibernation (1 octet)

	10100
	Hibernation (4 octets)

	10101
	Activation/Deactivation of CSI-RS

	10110
	Recommended bit rate

	10111
	SC-PTM Stop Indication

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication



Table 6.2.1-1a Values of eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	000000-000110
	32-38
	Identity of the logical channel

	000111-111111
	39-95
	Reserved



For NB-IoT only the following LCID values for DL-SCH are applicable: CCCH, Identity of the logical channel, DCQR Command, SC-PTM Stop Indication, SC-MCCH/SC-MTCH, UE Contention Resolution Identity, Timing Advance Command, DRX Command and Padding.
Table 6.2.1-2 Values of LCID for UL-SCH
	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101
	CCCH and Extended Power Headroom Report

	01110-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	DCQR and AS RAI

	10010
	AUL confirmation (4 octets)

	10011
	AUL confirmation (1 octet)

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding



Table 6.2.1-2a Values of eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	000000-000110
	32-38
	Identity of the logical channel

	000111-111111
	39-95
	Reserved



For NB-IoT only the following LCID values for UL-SCH are applicable: CCCH (LCID "00000"), Identity of the logical channel, CCCH and Extended Power Headroom Report, DCQR and AS RAI, SPS confirmation, C-RNTI, Short BSR and Padding.
Table 6.2.1-3 Values of F and F2 fields:
	Index of F2
	Index of F
	Size of Length field (in bits)

	0
	0
	7

	
	1
	15

	1
	-
	16



Table 6.2.1-4 Values of LCID for MCH
	Index
	LCID values

	00000
	MCCH (see note)

	00001-11100
	MTCH

	11101
	Reserved

	11110
	MCH Scheduling Information or Extended MCH Scheduling Information

	11111
	Padding

	NOTE: If there is no MCCH on MCH, an MTCH could use this value.




Conclusion

 
In section 2 we made the following observations:
Observation 1	2-bit solution is applicable only for non-EDT. E bit can be used in the MAC subheader.
Observation 2	Finer granularity report is desired than the coarse granularity. RAN2 should strive to provide finer granularity.
Observation 3	The overhead of using either R, F2 or using R, F2 and E for quality reporting is same. Rather it would be simpler for R, F2 and E solution as it is easier to map the CQI into granular level than into a coarse level. The power consumption and reporting complexity from UE is same.
Observation 4	The benefits of using R, F2 and E for QR provides 8 mapping compared to just 3 mapping using R, F2.
Observation 5	The benefit is clearly reflected in the above analysis and seen from table 1 when the report is granular compared to Table 2. Table 1 also includes Aggregation Level-
Observation 6	The reported QR using 2-bit may have no significance or gain at all.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	All the bits are used for QR “R+F2+E”.
Proposal 2	RAN2 to agree on the below text proposal.
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