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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and later revised in [1],[2]. One of the objectives in these two WIDs is to support MT-EDT:

	Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


MT-EDT has been discussed in RAN2 in a number of meetings and the following agreements were made [3]
	RAN2#103bis agreements:
· RAN2 intends to support MT-initiated EDT for both CP and UP solutions.

· The intention to use MT-EDT is for user data, i.e. not for NAS signalling.

RAN2#104 agreements:
· MT EDT are evaluated at least based on battery life, network resource efficiency, security, reliability and potential impact on core network.

· MT-EDT is intended for DL data which can be transmitted in one transport block.

· Use cases that require DL data transmission with or without UL data transmission as a response should be supported for MT-EDT.

RAN2#105 agreements:
· DL data in paging message is excluded (Opt A).

· RNTI in paging message to schedule the DL data is excluded (Opt B).

· Working assumption: DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).

· Working assumption: DL data scheduled in paging occasion is excluded (Opt D).

RAN2#105bis agreements:

· For both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB. It is up to RAN3 to decide how such indication is provided to the eNB.

· RAN2 assumes that MME initiates MT-EDT.

· It is up to eNB to use MT-EDT based on e.g., UE capability.

· RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.

· For the UP solution, the DL data are ciphered and sent over DTCH.

· For both UP and CP solutions eNB sends MT EDT indication to the UE via paging.

For Msg-2 based solution (if agreed):

· A CF RACH resource is provided in the paging message to page the UE for MT-EDT. FFS whether/how security related concerns are addressed and how number of repetitions required and RNTI are provided.

For Msg-4 based solution (if agreed):

· For UP solution, RRCConnectionResume is used in Msg4 in case UL transmission is expected in response.

R2-1905276 LS on Mobile-terminated Early Data Transmission RAN2 LS out To:RAN3, SA2, CT1, and CT4.

RAN2#106 agreements:

· DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).

· DL data scheduled in paging occasion is excluded (Opt D).

· DL data transmitted in Msg4 option B is excluded (Msg4-B).

For Msg2-based solution (if agreed):

· No need to cipher the dedicated RACH resource provided in the paging message.

· RAN2 intends to introduce a mechanism to acknowledge that Msg2 was received by the intended UE.

· At least one dedicated RACH resource is provided in the paging message for MT-EDT. FFS what other parameters, e.g., CE level, subcarrier index, are needed to be provided.

· FFS: whether RNTI is provided in the paging message.

For Msg4-based solution (if agreed):

· Working assumption: UE should be able to indicate in Msg3 if it intends to send data in the UL.

RAN2#107 agreements:

· Msg2 based solution is not pursued in this release.

· Working assumptions:

· For CP solution UE triggers RA using a Rel-15 EDT preamble.
· For UP solution, UE may trigger RA using a non-EDT preamble.
· For CP and UP solutions no new TB size for Msg3 is introduced.
· No indication is sent in Msg3 regarding whether an UL grant needs to be provided in Msg4, i.e. up to network implementation.

· In Msg4, same as MO-EDT, the network may move the UE to connected mode or release the UE to idle mode. FFS how to include user data in Msg4 for the CP solution if the UE is moved to connected mode.

· Fallback is supported in the case there is more downlink data to be sent, i.e. network can move the UE to connected mode in Msg4. 

· From RAN2 stand point indicating the DL data size in the S1 paging message would be beneficial and sufficient, i.e. separate indication is not required

R2-1911603  Reply LS on Mobile-terminated Early Data Transmission To:SA2, RAN3 Cc:SA3, CT1, CT4.


In this contribution, we discuss further the support of MSG4 based MT-EDT.
2 Discussion
In the e-mail discussion on MT-EDT [4] [5], many companies indicated there was very little benefit in power consumption and downlink latency when using the MSG4 based solution. Below, we analyse more in details these two aspects. 

2.1 CP solution: Analysis on power consumption and latency gain
In RAN2#107, it was agreed as a working assumption that the UE will trigger MO-EDT without data in response to a paging with MT-EDT indication and that no new TBS will be introduced for MSG3.

The size of the RRC message (EPC) can be calculated as follows: 

	NAS
	24 bits CP service request header
48 bits security header
	72 bits

	PDCP
	0
	0

	RRC
	40 bits S-TMSI

2 bits Cause
4 bits dl-cqi

4 bits RRC header

8 bits data length
	64 bits

	RLC
	0
	0

	MAC
	16 bits (MAC header and DVPR)
	16 bits

	Total
	
	150 bits


Observation CP-1: To transmit RRCEarlyDataRequest for MT-EDT, the UE will have to transmit 170 bits padding, which is more than twice the size of the meaningful information.

In RAN2#107, it was agreed that there will be no indication from the UE about whether subsequent uplink data were expected or not. This means that the eNB has no information for deciding whether to move the UE to connected mode or terminate the connection immediately. Whatever the eNB implementation is, it is expected that it will take the wrong decision 50% of the time based on the traffic model in TR 45.820 where 50% of network command requires a UL application ACK.
Observation CP-2: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.
If the UE is sent back to Idle mode and has UL data to transmit in response, it will have to initiate a new RRC connection establishment procedure or a MO-EDT procedure, which means that the MT-EDT procedure has been a complete waste of power. 
Observation CP-3: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.
If the UE is moved to RRC_Connected and the DL data can be transmitted in MSG4 then there is no benefit in power consumption compared to the legacy procedure as the increased power consumption for sending MSG3 will overcome any gain of skipping a DL transmission. However, there is some latency gain.
Observation CP-4: If the UE is moved to connected mode and the DL data can be transmitted in MSG4 then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain. 
MSG4 is sent using the default MAC and PHY configuration, which means that the maximum TBS is 680 bits for NB-IoT (see TBS table from 36.213 below) and 1000 or 936 bits for eMTC.
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 


When moving the UE to RRC_Connected mode, RRCConnectionSetup message is included in MSG4 to provide the UE dedicated configuration. Based on NB-IoT deployment experience, the size of the RRCConnectionSetup message is in the range 15-25 bytes depending on whether a new dedicated carrier is configured. The size of the MSG4 not including the actual data can be calculated as follows: 

	NAS
	16 bits protocol header
16 bits container header 

48 bits security header
	80 bits

	PDCP
	0
	0

	RRC
	120 – 200 bits
	120 – 200 bits

	RLC
	0
	0

	MAC
	8 bit MAC header for CCCH SDU 
8 bit MAC header for MAC CE 

48 bits MAC CE UE ID contention resolution
	64 bits

	Total
	
	264 - 344 bits


Based on the above calculation for NB-IoT, it is quite clear that the data cannot be included in the MSG4 transmission when the UE needs coverage enhancement. Even when in good coverage and the maximum TBS can be used, the actual data size cannot exceed 320 – 400 bits (40 – 50 bytes).
For eMTC, the TBS are larger but the dedicated configuration is also larger, thus the conclusion is similar. 

Observation CP-5: If the UE needs coverage enhancement, it is not possible to send the data in MSG4. Thus, using MT-EDT will increase the power consumption and bring no latency gain.

2.2 UP solution: Analysis on power consumption and latency gain
For the UP solution, a similar analysis to section 2.1 can be done. However, there are some differences.

In RAN2#107, it was agreed as a working assumption that the UE will use non EDT preamble thus there is no impact on power consumption for sending RRCConnectionResumeRequest message

Observation UP-1: There is no padding and thus no impact on power consumption to transmit RRCConnectionResumeRequest for MT-EDT.
With regard to the lack of information at the eNB to decide to keep the UE in Idle mode or connected mode and the consequence of being wrong, the situation is the same for the UP solution and the CP solution

Observation UP-2: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.

Observation UP-3: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.

Observation UP-4: If the UE is moved to connected mode and the DL data can be transmitted in MSG4 then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain. 

With regard to the feasibility of sending the DL data in MSG4, the situation is similar for the UP solution and the CP solution. For the UP solution, the data can be segmented but there will no gain in latency as the data will be received in full only later. There is no gain either in power consumption, as an additional downlink transmission will take place afterwards.

Observation UP-5: If the UE needs coverage enhancement, it is not possible to send the data in MSG4. Thus, using MT-EDT has neither power consumption gain nor latency gain.

2.3 Conclusion
In this document, we have analyse further the impact on power consumption and latency when using MT-EDT and we have made the following observations:
For the CP solution

Observation CP-1: To transmit RRCEarlyDataRequest for MT-EDT, the UE will have to transmit 170 bits padding, which is more than twice the size of the meaningful information.

Observation CP-2: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.

Observation CP-3: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.

Observation CP-4: If the UE is moved to connected mode and the DL data can be transmitted in MSG4 then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain. 

Observation CP-5: If the UE needs coverage enhancement, it is not possible to send the data in MSG4. Thus, using MT-EDT will increase the power consumption and bring no latency gain.

For the UP solution

Observation UP-1: There is no padding and thus no impact on power consumption to transmit RRCConnectionResumeRequest for MT-EDT

Observation UP-2: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.

Observation UP-3: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.

Observation UP-4: If the UE is moved to connected mode and the DL data can be transmitted in MSG4 then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain. 

Observation UP-5: If the UE needs coverage enhancement, it is not possible to send the data in MSG4. Thus, using MT-EDT has neither power consumption gain nor latency gain.

Based on the above observations, we can conclude that MT-EDT has benefit on power consumption or latency only in few cases and have negative impact on power consumption on some other cases, especially for the CP solution. 

Unless we can solve the issue of determining that the UE does not expect further UL data, we should not allow to keep the UE in RRC_IDLE as this has negative impact on power consumption if the UE has UL data to send.
Considering that MT-EDT has impacts on all the nodes (MME, SGW, eNB and UE) and will require a number of changes to many specifications, we think we should not pursue MSG4 based solution.


Proposal 1: Do not pursue the MSG4 based solution.
Proposal 2: Send a LS to plenary and other WGs to indicate that RAN2 has not found satisfactory solution for MT-EDT and that the objective should be removed from the WIDs.  
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