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1 WID objective

	A-1. Further latency and power consumption reduction

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 


2 Background
RAN1 have made agreements as follows on EDT:
	Agreements in RAN1#90bis
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.

· FFS if and how there will also be a larger supported maximum total TBS

· The detailed value(s) should consider the payload size of early data packets from RAN2.

· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead

· Send LS to RAN2 informing the above (Xiaolei, HiSilicon, R1-1719100) (including eMTC agreements)
Agreements in RAN1#91
· 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
Send reply LS (R1-1721227) – Matthew (Huawei) indicating RAN1 will select from Rel-13 NB PUSCH TBS values. For NB-IoT, it is feasible to support at least 5 MCS/TBS/RU size combinations. 

· Ask RAN2 how many TBS values are needed. 

Note: R1-1721227 is in principle agreed.

Update for eMTC will be taken into account in R1-1721242
· Final LS is agreed in R1-1721255


In LS R1-1721225, RAN1 asked RAN2 the following questions upon which we await answers:
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.
RAN2 are leading this WI objective, and have made agreements including the following:

	Agreements in RAN2#99bis:
· For CP during the UL EDT procedure, if the UE receives a grant in which data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.

· Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size it needs for Msg3 via PRACH partitioning.

· Send an LS to RAN1 with the agreements we have from this meeting and indicate that we assume that the legacy TBS table for PUSCH transmission is used for EDT.
· PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS: details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

Agreements in RAN2#100:
· The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.

· PRACH partitioning for EDT indication is configured per enhanced coverage level.

· Working assumption: Support for segmentation for this case is not prioritized.

· Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.

· FFS how to adress the padding issue in Msg3.

· UE category is not indicated in Msg1.

· For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.
· PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.


In RAN2#101, RAN2 replies RAN1 an LS regarding EDT in R2-1803884.
	RAN2 thanks RAN1 for their LS on early data transmission for NB-IoT and eMTC.

RAN2 has discussed the following questions in the LS:

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.

RAN2 reply:

RAN2 has discussed the TBS and UL grant for EDT Msg3 and made the following agreements:
· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.
· If new UL grant format is defined, it does not need to be backwards compatible.

· Same RAR format is used for EDT UEs.

· The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.
RAN2 has discussed the padding issue of EDT Msg3. From RAN2 point of view, it would be beneficial if the UE could choose a TB size that requires minimum number of padding bits from a set of possible TBS values according to the UL grant in RAR. RAN2 has made the following agreements pending on RAN1 confirmation about the feasibility:

· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs.

· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

For both NB-IoT and eMTC, RAN2 respectfully asks RAN1 to provide input on the feasibility of the above assumptions. If feasible, it is up to RAN1 to design a suitable way to provide TBS/MCS/RU. For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.
2.1 2. Actions:

To RAN1:

ACTION: RAN2 respectfully asks RAN1 to take the above information into account and to provide feedback about the feasibility of EDT UL grant as described above.



3 Summary of discussion points
3.1 UL grant fields

It is discussed in RAN1#91 on the UL grant for EDT.  A couple of companies provide the view on the UL grant field in Msg2 for EDT in this meeting. Please find summary of related proposals in the following table.
Agreements in RAN1#91
· 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
	Source
	Related proposals

	Huawei, HiSilicon
	Depends on RAN2’s conclusion on how many TBS values supported

	Ericsson
	Proposal 1
If RAN2 indicates that only a small number of (additional) TBS/MCS values are needed, they are accommodated in the existing MCS index field for NB-IoT.

Proposal 2
If the MCS field in the EDT RAR UL grant for NB-IoT needs to be increased, consider removing the Uplink subcarrier spacing field (1 bit) and reducing the Subcarrier indication field size from 6 bits to 5 bits.

	ZTE, SaneChips
	Proposal 2：If Max TB size is not changed for EDT, Alt 0 is preferred. 

	MediaTek Inc.
	Proposal #2: Current RAR grant format is reused, and reserved status of MCS/RU/TBS field can be used to indicate a single TBS with maximum 1000 bits.

Proposal #3: The supported maximum TBS is configured per CE level, and the configured value is chosen from a specified TBS set.

Proposal #4: MCS/RU/TBS table can be configurable and dependent on the broadcast maximum TBS for Msg3. 

	LG Electronics
	Proposal 3: For larger TBS scheduling, UL grant design will be downselected between the following alternatives, where Alt.1 is preferred if it provides enough flexibility in terms of TBS scheduling for EDT

· (Alt.1) UE can reinterpret UL grant in RAR when corresponding RAPID is for EDT request

· Reserved states and/or bit(s) in UL grant can be additional used for larger TBS scheduling than 88 bits

· (Alt.2) A format and/or size of UL grant in MAC RAR for EDT can be different than that of the current UL grant in MAC RAR

· Reserved bit(s) in MAC RAR can be used for EDT UL grant
· UL grant part in RAR can be redefined
· (Alt.3) A combination of Alt.1 and Alt.2 if 1 reserved bit in MAC RAR is additionally used for EDT response

· When the reserved bit in MAC RAR is ‘0’, Alt.1. Otherwise, Alt.2.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Extend MCS/TBS/RU states to 16 by using 1 spare bit from RAR.

Proposal 2: RAR format needs to be modified accordingly. Send an LS to RAN2.

	Qualcomm Incorporated
	Proposal 1: Adopt Alt.4: The number of MCS/TBS/RU states that can be used for EDT is as many as supported by using maximum TBS value in SIB and 0 spare bit in RAR

	Intel Corporation
	Proposal 1:

Keep the size of UL grant/RAR for the support of early data transmission in Msg3 the same as legacy UL grant/RAR in Rel-13 NB-IoT.

Use spare states in MCS indication in UL grant in RAR for the scheduling of early data transmission in Msg3.

No spare bits in RAR or additional bits in SIB are used. 

The MCS/TBS/RU tables can depend on the maximum TBS broadcast per CE. 


Based on RAN2’s input in R2-1803884, there could be up to 4 TBS values, which can be used by UE. 
Potential proposal:
Potential proposal#1: The 8 possible candidates for the maximum TBS broadcasted in system information are taken from the Rel-13 NPUSCH tables.

Potential proposal#2:  The up to 4 possible TBS for the UE to choose among are FFS. How the UE is informed of the 4 possible values is FFS.

3.2 NPRACH partitioning
RAN2 have agreed to partition NPRACH resources for indication of an EDT request. These details are identified in the RAN2 agreements as FFS in RAN2.

Potential proposal#3: RAN1 confirms that time, NB-IoT carrier, and subcarrier domains are suitable from the RAN1 point-of-view for the purpose of NPRACH partitioning for EDT.
Potential proposal#4: RAN1 does not further discuss details of NPRACH partitioning for EDT unless requested to by RAN2.
Summary of related inputs
	Source
	Related proposals

	LG Electronics
	Proposal 1: eNB can configure all or some of the Rel-14 contention-free NPRACH resources for EDT request.
Data size stored in uplink buffer and/or its data type(i.e., CP or UP) and/or multi-tone capability can be signalled via Msg.1 resource e.g., RA-RNTI and RAPID

	Samsung
	Proposal #1: Carrier domain NPRACH partitioning for UL EDT should be considered to provide more NPRACH capacity. 

	Qualcomm Incorporated
	Observation 1: The introduction of early data transmission requires NPRACH partitioning.

Proposal 2: RAN1 to consider the introduction of frequency shift of k*0.75 kHz to NPRACH to increase the random access capacity.

	Intel Corporation
	Observation 2:

· Configuring a dedicated NB-IoT carrier for NPRACH resources for UEs supporting early data transmission in Msg3 would: 

· Impact the system flexibility.

· Make the early data transmission feature usable only when there is at least one NB-IoT carrier available for the dedicated allocation of NPRACH resources for early data transmission. 

Proposal 2:

· Dedicated time/frequency NPRACH resources are used for UEs supporting early data transmission in Msg3.

· Frequency partitioning can be in granularity of a subcarrier rather than an NB-IoT carrier. 


3.3 EDT procedures

Some contributions discuss what should happen if the EDT request is rejected, or if Msg3 transmission fails, etc. These are RACH procedure details not expressed in RAN1 specifications. They should be handled by RAN2 in the first instance.

Potential Proposal 5: There is support for network control of the use of TBS smaller than the maximum configured. FFS details.
Summary of related inputs
	Source
	Related proposals

	ZTE
	Proposal 3: One unused bit in RAR to indicate that the UE should fall-back to sending legacy Msg1 once the attempt for sending UL data in Msg3 has failed. 

Proposal 4: There should have the mechanism for the UE to fall-back to send legacy Msg1 after a number of failures of sending Msg1 for large Msg3 size.

	LG
	Proposal 2: eNB can reject the EDT request by Msg.2 implicitly or explicitly by one of the following methods.
· UL grant in MAC RAR can be used to implicitly reject EDT request by allocating the same TBS as the current one (88bits) in MAC RAR

· Explicit one bit indicating signaling can be introduced to reject EDT request


3.4 Early data in Msg2 and Msg4

RAN2 have agreed to support early DL data in Msg4. No contribution proposes a RAN1 impact from this.

The possibility of sending early DL data in Msg2 in case of PDCCH order is stated, since then the UE identity is known. There would be numerous higher-layer procedures and impacts for this, and RAN2 discussed the proposal in RAN2#99 but did not agree to it.

Potential Proposal 6: RAN1 assumes there is no physical layer impact for early data in Msg4.

Potential Proposal 7: Whether to initiate work on early DL data in Msg2 is up to RAN2.
Summary of inputs

	Source
	Related proposals

	ZTE
	Proposal 5: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.

	Samsung
	Observation #2: From RAN1 perspective, there is no any specification impact to support DL early data transmission using Msg4.


3.5 Padding

The RAN2 email discussion [100#38] has discussed solutions to the issue of padding in EDT Msg3 which include some based on blind decoding at eNB over more than one potential UE transmission format. RAN2 has made the following agreements pending on RAN1 confirmation about the feasibility:
· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs.

· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

Based on inputs in RAN1, there are some matters within RAN1’s expertise which need to be considered in RAN1 design.
Potential proposal 8: RAN1 to consider at least the following for eNB blind decoding of UE transmission format of EDT Msg3:

· UE power consumption in the whole procedure, accounting for eNB decoding failures

· Physical resources needed for initial transmission and re-transmissions of Msg3
· eNB complexity requirements
Potential proposal 9: If the working assumption of not supporting NPRACH partitioning for TBS indication is confirmed by RAN2, RAN1 needs to design the scheme to minimizing the issues of resource overhead and TBS detection, or conclude not to optimize the padding issue in Rel-15.

Summary of related inputs

	Source
	Related proposals

	Huawei, HiSilicon
	Proposal 1: For eNB blind detection of UE’s TBS, aim for solutions to improve TBS detection performance and minimize resource overhead, especially when Msg3 is not decoded correctly on the first transmission.

Proposal 2: If the working assumption of not supporting NPRACH partitioning for TBS indication is confirmed by RAN2, RAN1 needs to design the scheme to minimizing the issues of resource overhead and TBS detection, or conclude not to optimize the padding issue in Rel-15.



	MediaTek Inc.
	Proposal 3: Support EDT multiple UL grant in the RAR to indicate multiple EDT TBS values in a TBS set per coverage level.

Proposal 4: Support EDT RACH resource fragmentation to indicate multiple TBS sets per coverage level indicated in Msg1.

	Nokia, Nokia Shanghai Bell
	Proposal 4: RAN1 solutions need to be investigated to reduce the padding in Msg3 based on RAN2 inputs on the possible sizes for Msg3 for EDT.


3.6 Other

· NPUSCH repetition numbers for support of multi-tone Msg3 for EDT.
4 Conclusion
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