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Introduction
In this contribution we discuss the granting mechanism for Msg3 in EDT and the possible TB size range for Msg3 transmission in EDT for LTE-M and NB-IoT. The discussion partly overlaps with Ericsson replies for the email discussion [1] but contains additional considerations and details. We also cover the questions RAN1 asks from RAN2 in LS [2]: 
	1. Overall Description:
RAN1 thanks RAN2 for their LS on early data transmission in NB-IoT to which RAN1 replies and requests further information as follows.
To the questions in the LS from RAN2:
1) RAN2 question: To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, RAN2 assumes that Rel-13 PUSCH TB sizes can be used. Is such assumption viable? If not, what are the possible TB sizes for PUSCH transmission for EDT for eMTC and NB-IoT respectively?

RAN1 reply:
For NB-IoT, RAN1 will select from the Rel-13 NPUSCH TBS values, and it is feasible to support at least 5 MCS/TBS/RU size combinations. (RU = resource unit).

For eMTC, RAN1 will select from the Rel-13 PUSCH TBS values, and the maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3. 

Note that RAN1 replied in part in a previous LS R1-1719103.

2) RAN2 question: To support above TB sizes for Msg3, would there be need for new UL grant format(s) in RAR?  If yes, what changes are foreseen?

RAN1 reply:
For NB-IoT, it has been agreed in RAN1 that:
· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4

RAN1 respectfully ask RAN2:
1. To inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC.
2. To provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.
3. To inform RAN1 whether one reserved bit in MAC RAR can be used for the EDT feature for eMTC.




Flexible uplink resource allocation
[bookmark: _GoBack]The working assumption made in RAN2#100 is not to use the EDT indication, i.e. preambles, to explicitly denote the size of the UL data. Thus, the eNB would not explicitly know what would be the best grant size to allocate for Msg3. This may lead to situation where the UE has relatively small data compared to the grant size, which would further mean using possibly excessive amount of padding (and/or additional RUs for NB-IoT) in Msg3 degrading UE power efficiency. This would be even worse for the UEs in very poor coverage where large number of repetitions would be used in uplink. One goal of EDT is to reduce the UE power consumption, and using large grants with small data would lead to excessive power consumption possibly negating the gains achieved by using EDT in the first place. Additionally, using larger TBS would mean it is more difficult, even impossible, to reach UEs in very bad coverage. Using smaller TBS in such case could increase the probability for reaching the UE, in addition to smaller power consumption and spectral efficiency.

[bookmark: _Toc498618592][bookmark: _Toc498655254][bookmark: _Toc498661774][bookmark: _Toc498661797][bookmark: _Toc506206339][bookmark: _Toc506334950][bookmark: _Toc506418457][bookmark: _Toc506418754][bookmark: _Toc506418910][bookmark: _Toc506526726][bookmark: _Toc506526744][bookmark: _Toc506526805]Large UL grants for small data in Msg3 would negate gains achieved by using EDT. 
[bookmark: _Toc506334951][bookmark: _Toc506418458][bookmark: _Toc506418755][bookmark: _Toc506418911][bookmark: _Toc506526727][bookmark: _Toc506526745][bookmark: _Toc506526806]Using larger TB sizes may result in additional repetitions or difficulties to reach UEs in very bad coverage.

For these reasons, we think we should consider the possibility to provide multiple (at least two) different TB sizes for Msg3 transmission. This can be achieved, for example by providing UL grant in a legacy way, but additionally indicating the possibility for multiple different TB sizes in Msg2. This might require redefining some UL grant contents, which would be up to RAN1. The eNB would then blindly detect what TBS the UE is using. This could mean some part of the scheduled UL resources could not be used, but we think such waste can be minimized by using overlapping time/frequency resources if possible for the transmission of the two (or more) different TB sizes. Especially if the resources are reserved subsequent in time so that transmissions using the smaller TB sizes would be done earlier compared to the larger signalled sizes, the eNB would be able to re-allocate resources if UE uses a smaller TBS, thus finishing the transmission earlier. 

It should be noted that as we agreed in RAN2#100 to use separate (N)PRACH resources, preambles or subcarriers for EDT indication, the UL grant in RAR message can be redefined as it doesn’t need to be backwards-compatible anymore. 

[bookmark: _Toc506206340][bookmark: _Toc506334952][bookmark: _Toc506418459][bookmark: _Toc506418756][bookmark: _Toc506418912][bookmark: _Toc506526728][bookmark: _Toc506526746][bookmark: _Toc506526807]Non-EDT UEs do not read the grant provided for EDT preambles, thus UL grant for EDT in RAR message does not need to be backwards compatible. 


[bookmark: _Toc498618596][bookmark: _Toc498655257][bookmark: _Toc498661766][bookmark: _Toc498661800][bookmark: _Toc506334945][bookmark: _Toc506418461][bookmark: _Toc506418758][bookmark: _Toc506418914][bookmark: _Toc506526730][bookmark: _Toc506526738][bookmark: _Toc506526809][bookmark: _Toc506206335]Use flexible uplink resource allocation, such as two or more signalled TB sizes for Msg3 to avoid excessive padding. 

 One way to provide flexible grant size could be to map different MCS indices to different sets of grant sizes, that is, one MCS index in UL grant would correspond for example to three different grant size values, for example the maximum supported TBS, half of the maximum, and one fourth of the maximum, respectively (or some other range). The UE would select and transmit with the TBS that best fits the size of the data in the UL buffer, and eNB would do blind detection based on the signalled TBS set. The MCS index could further indicate the number of repetitions and RUs (for NB-IoT) used. 
This can be done, for NB-IoT by reusing the existing 5-bit MCS index field, for example as shown in Table 1. For eMTC, as the UL grant can be redefined for EDT, we can re-use some of the existing fields such as MCS/TBS and number of repetitions for similar 5-bit indication, as for example shown in Table 2. 

Table 1: MCS index for EDT Msg3 NPUSCH
	MCS Index
[image: cid:image002.png@01D385C6.B4B5F9C0]
	Modulation

[image: cid:image003.png@01D385C6.B4B5F9C0]and[image: cid:image004.png@01D385C6.B4B5F9C0]
	Number of RUs 1
[image: cid:image005.png@01D385C6.B4B5F9C0]
	Number of RUs 2
[image: cid:image005.png@01D385C6.B4B5F9C0]
	Number of RUs 3
[image: cid:image005.png@01D385C6.B4B5F9C0]
	TBS 1
	TBS 2
	TBS 3

	‘00000’
	QPSK
	-
	10
	5
	-
	568 bits
	256 bits

	‘00001’
	QPSK
	10
	5
	3
	872 bits
	424 bits
	224 bits

	‘00010’
	QPSK
	8
	5
	3
	1000 bits
	584 bits
	328 bits

	‘00011’
	QPSK
	8
	5
	-
	1000 bits
	584 bits
	-

	‘00100’
	QPSK
	8
	-
	-
	1000 bits
	-
	-

	:
	
	
	
	
	
	
	

	:
	
	
	
	
	
	
	

	‘11101’
	QPSK
	4
	3
	1
	1000 bits
	680 bits
	208 bits

	‘11110’
	QPSK
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved

	‘11111’
	QPSK
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved



Table 2: Index for EDT Msg3 PUSCH, TBS and explicit number of repetitions are bundled
	Index

	Number of repetitions for TBS1
	Number of repetitions for TBS2
	Number of repetitions for TBS3
	TBS 1
	TBS 2
	TBS 3

	‘00000’
	-
	2
	1
	-
	568 bits
	256 bits

	‘00001’
	8
	4
	2
	872 bits
	424 bits
	224 bits

	‘00010’
	8
	4
	2
	1000 bits
	584 bits
	328 bits

	‘00011’
	16
	8
	-
	1000 bits
	584 bits
	-

	‘00100’
	16
	-
	-
	1000 bits
	-
	-

	:
	
	
	
	
	
	

	:
	
	
	
	
	
	

	‘11101’
	256
	128
	32
	1000 bits
	680 bits
	208 bits

	‘11110’
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved

	‘11111’
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved




[bookmark: _Toc506334946][bookmark: _Toc506418462][bookmark: _Toc506418759][bookmark: _Toc506418915][bookmark: _Toc506526731][bookmark: _Toc506526739][bookmark: _Toc506526810]Ask RAN1 about feasibility of flexible TBS indication in UL grant for Msg3 based on above information. If found feasible, ask RAN1 to specify UL grant with multiple TBS options. 

[bookmark: _Ref498627675]TBS range and UL grant for Msg3
In LS [2] RAN1 asks RAN2 to provide input on what TBS range RAN2 thinks is needed for EDT payloads. 
We think the resolution and number of possible grant sizes depend on the number of available code points, and how the grants are allocated. 
Regardless of how the grants are provided, RAN2 needs to discuss what would be the preferred range of TB sizes support for Msg3. We think using just one size, e.g. the maximum broadcasted per CE level would result in bad spectral efficiency and increased UE power consumption as explained above. 
In email discussion [1] we provided a brief analysis of possible minimum TBS for EDT. According to our analysis, at maximum 256 bits should be the minimum TB size, taking into account protocol overhead of 20 bytes from MAC/RLC/PDCP and RRC. 
Additionally, we think that the smallest TBS should be kept small in order for the 3GPP IoT technologies to stay competitive against other prominent LPWAN technologies. One example is Sigfox, which uses 12 bytes packet size over the air. For many use cases, including for example sensor reporting measurement data, small payload sizes are viable, and to get maximum power consumption savings it may be worthwhile to consider very small payload sizes using header compression. In some cases optimized non-IP solutions should be considered, resulting in small payloads. 
Therefore, we think the minimum TBS for EDT should not be more than few hundred bits at most. 

[bookmark: _Toc506334947][bookmark: _Toc506418463][bookmark: _Toc506418760][bookmark: _Toc506418916][bookmark: _Toc506526732][bookmark: _Toc506526740][bookmark: _Toc506526811]Minimum TBS for Msg3 transmission is in order of few hundred (200-300) bits at most. Indicate this to RAN1.

The full range of possible TBS values depends on how many codepoints there are available for indicating TBS, and this will depend on the adopted mechanism for the EDT Msg3 UL grant. As large number of TBS values as possible is preferred, as this would result in most flexibility. With 5-bit MCS index it would be possible to signal up to 32 values, as described above. This should be enough for EDT and there is possibility to leave some part of the values reserved for future use.

[bookmark: _Toc506418460][bookmark: _Toc506418757][bookmark: _Toc506418913][bookmark: _Toc506526729][bookmark: _Toc506526747][bookmark: _Toc506526808]By re-using 5-bit MCS index in UL grant, it would be possible to define up to 32 different TB sizes or combinations of TB sizes and other parameters.
[bookmark: _Toc506418464][bookmark: _Toc506418761][bookmark: _Toc506418917][bookmark: _Toc506526733][bookmark: _Toc506526741][bookmark: _Toc506526812]Ask RAN1 to consider redefining the UL grant in RAR message and to use 5-bit MCS index for signalling TB size or combinations of multiple TB sizes, RUs, repetitions, if viable. 
RAN1 LS
If Proposal 4 cannot be agreed and the UL grant is format is not changed, then one alternative way to indicate the grant sizes for individual grants would be to relate the maximum signalled TBS per CE proportionally to grant size with different code points available in the UL grant. For example, for NB-IoT there are currently 5 reserved MCS indices (TS 36.213, table 16.3.3-1), where these 5 values (if the three existing ones are used) could be related to max size, for example by calculating TBS = maxTBS / n_i, where n_i would depend on the MCS index.For example, if maxTBS = 1000 bits, and we would have n_i = 1,…,5, then possible TB sizes would be 1000, 500, 333, 250 and 200 bits, or e.g. the nearest corresponding values in the existing (N)PUSCH tables. 
One possibility would also be to use some of the reserved bits in MAC RAR to increase the number of possible grant or TB sizes. A possible drawback of using RAR bits is that for LTE-M there is only one bit remaining, and if this is used for EDT then possible future extensions may be more difficult to do. As it is possible to change the UL grant interpretation for EDT when Msg1 uses separate PRACH resources for EDT, we don’t need to use additional bits together with the UL grant to indicate TB sizes. 
[bookmark: _Toc506526734][bookmark: _Toc506334948][bookmark: _Toc506418465][bookmark: _Toc506418762][bookmark: _Toc506418918]The remaining proposals answer to the questions RAN1 presented in their LS to RAN2: 

[bookmark: _Toc506526735][bookmark: _Toc506526742][bookmark: _Toc506526813]Indicate to RAN1 that for LTE-M one reserved RAR bit is not needed to be used for EDT feature.
Additionally, RAN1 asks to provide feedback on possible combinations of RAR bits and SIB bits to be used. We don’t think any spare bits need to be used, for the same reasons as above: RAN1 can consider redefining parts of the UL grant if needed. 

[bookmark: _Toc506418466][bookmark: _Toc506418763][bookmark: _Toc506418919][bookmark: _Toc506526736][bookmark: _Toc506526743][bookmark: _Toc506526814]Indicate to RAN1 in the reply LS that the UL grant can be redefined if needed, thus no spare bits need to be used for EDT.

Conclusion
In section 2 we made the following observations:
Observation 1	Large UL grants for small data in Msg3 would negate gains achieved by using EDT.
Observation 2	Using larger TB sizes may result in additional repetitions or difficulties to reach UEs in very bad coverage.
Observation 3	Non-EDT UEs do not read the grant provided for EDT preambles, thus UL grant for EDT in RAR message does not need to be backwards compatible.
Observation 4	By re-using 5-bit MCS index in UL grant, it would be possible to define up to 32 different TB sizes or combinations of TB sizes and other parameters.

Based on the discussion in section 2 we propose the following:
Proposal 1	Use flexible uplink resource allocation, such as two or more signalled TB sizes for Msg3 to avoid excessive padding.
Proposal 2	Ask RAN1 about feasibility of flexible TBS indication in UL grant for Msg3 based on above information. If found feasible, ask RAN1 to specify UL grant with multiple TBS options.
Proposal 3	Minimum TBS for Msg3 transmission is in order of few hundred (200-300) bits at most. Indicate this to RAN1.
Proposal 4	Ask RAN1 to consider redefining the UL grant in RAR message and to use 5-bit MCS index for signalling TB size or combinations of multiple TB sizes, RUs, repetitions, if viable.
Proposal 5	Indicate to RAN1 that for LTE-M one reserved RAR bit is not needed to be used for EDT feature.
Proposal 6	Indicate to RAN1 in the reply LS that the UL grant can be redefined if needed, thus no spare bits need to be used for EDT.
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