3GPP TSG-RAN2 meeting#107
                  R2-1908872
Prague, Czech Republic, 26th – 30th August 2019           
Source:               ZTE Corporation, Sanechips
Title:                    Some remaining issues for MT-EDT
Agenda item:      12.1.2
Document for:    Discussion and Decision
1 Introduction

The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]


In RAN2 #103bis~#106 meeting, the following agreements have been achieved:
	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.
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.


After RAN2#106 meeting, two email discussion have been assigned as following:
[106#64][R16 NB-IoT/eMTC]  UP MT-EDT (Ericsson)

- identify the issues in Msg2 and Msg4 based solutions

- primary scope is to identify issues, but solutions can also be discussed.

- primary scope is to differentiate Msg2 vs. Msg4 based solution based on identified issues.

- discussion on which solution(s) to specify in Rel-16

[106#65][R16 NB-IoT/eMTC]  CP MT-EDT (Intel)

- identify the issues in Msg2 and Msg4 based solutions

- primary scope is to identify issues, but solutions can also be discussed.

- primary scope is to differentiate Msg2 vs. Msg4 based solution based on identified issues.

- discussion on which solution(s) to specify in Rel-16

In these two email discussions, most issues of CP MT-EDT and UP MT-EDT have been mentioned or discussed based on two possible solutions, Msg2-based solution and Msg4-based solution. In this paper, we further discuss some remaining issues which are not mentioned in the email discussion or for which we haven’t provided our analysis in details.
2 Discussion
2.1 Issue#1: Paging overhead optimization
In [106#65][R16 NB-IoT/eMTC] CP MT-EDT, it has mentioned for solution A (Msg2-based solution), eNB has to provide contention free PRACH resource, the preamble repetition number and RNTI for receiving the Msg2. This could add 28 (12 + 16) bits of overhead in the broadcast legacy paging which could be significant overhead. 

During email discussion, we agree it’s better to optimize the paging overhead caused by new-added CFRA resource and UE-specific RNTI information. With reference to the information in PDCCH order for eMTC or NB-IoT, we list the CFRA information as follows and give the suggestion for potential compression:

For eMTC:

- Preamble Index – 6 bits, this can be compressed to less bits with meaning of offset to preamble index

- PRACH Mask Index – 4 bits, we agree with Intel this can be predefined.

- Starting CE level – 2 bits, this is still needed

For NB-IoT:

- Carrier indication of NPRACH – 4 bits, this can be compressed to less bits with meaning of offset within a CFRA carrier index pool
- allocated subcarrier for NPRACH – 6 bits, this can be compressed to less bits with meaning of offset to subcarrier within CFRA subcarrier index pool
- a repetition number – 2 bits, this is still needed
In [3], Intel has mentioned two possible ways to compress the 6 bits preamble index in CFRA resources for eMTC, e.g., only 3 bit preamble index are needed in the paging message. This preamble index can be seen as an “offset” from start of CFRA resources. For eMTC, Intel suggested that the real contention free preamble can be defined as:
Option 1: CF preamble = numberOfRA-Preambles + preamble index.
This scheme has the risk that preamble index is exposed in broadcast paging message and any attacker can use it to respond the paging message, therefore, Intel mentioned another way that preamble index does not need to be included in the paging message and it can be derived from the UE ID:

Option 2: CF preamble = numberOfRA-Preambles + UE ID mod (64 - numberOfRA-Preambles).
However, we think it’s not so suitable to derive contention free preamble (preamble index for eMTC or carrier indication/subcarrier for NB-IoT) based on UE ID. The main issue is that different UEs which are paged at the same time may derive the same contention free preamble, and also it’s possible for the UE to derive the same contention free preamble as that has been allocated for other UE with other contention free PRACH procedure if only one contention free preamble resource pool exist. All these cases would cause more random access collision. 
Therefore, we think it would be better to only further study the option 2, e.g., explicitly indicating some kind of “offset” to a certain location of CFRA resources (e.g., start of CFRA resources) via paging message and letting UE to calculate the real CFRA resources. For eMTC, eNB can provide dedicated offset to Preamble Index for different UEs, and for NB-IoT, eNB can provide dedicated offset to Carrier index and subcarrier index for different UEs. 
Proposal 1: It’s suggested to explicitly indicate kind of “offset” to a certain location of CFRA resources via paging message.
Similarly, it can be considered to provide an UE-specific offset to a certain RNTI for deriving an UE-specific RNTI, this also has been mentioned in [3].
Moreover, considering CFRA resources would be used by several functions, e.g., PDCCH order, dedicated SR, MT EDT etc., a fixed size for offset in paging may be inflexible. For example, if there has few UE supporting MT-EDT, more bits in paging would be necessary. In order to facilitate the network to allocate CFRA resources among different functions more reasonably, it would be better to provide a way for network to adjust the value range of offset for CFRA resources in paging message which will finally decide the range of CFRA resources for MT-EDT. The regular way would be to broadcast value range or valid bits of offset for CFRA resources for MT EDT. 

Proposal 2: It’s suggested to consider a way for network to adjust the value range of offset for CFRA resources for MT EDT, e.g., by broadcast.
2.2 Issue#2: multiple CFRA resources

In [106#64][R16 NB-IoT/eMTC]  UP MT-EDT and [106#65][R16 NB-IoT/eMTC] CP MT-EDT, for Msg2-based option, it also mentioned that Multiple CFRA resources for multiple CE levels can be provided in paging in Solution A. We agree that providing multiple CFRA resources would make it possible for the UE to choose the resource that more accurately match its current radio conditions. This would be not only good to UE power saving but also good to eNB’s estimation on UE radio condition. 
However, we cannot ignore the disadvantage of reserving multiple resources in one or even more eNBs. If such information can be introduced into paging message, the eNB would be very careful for allocating and reserving multiple resources for the UEs. For example, if a UE is stationary, it’s highly possible its coverage level would keep stable. And then in most time, it’s no need to provide more than one CFRA resource to this UE. But for a mobile UE, multiple CFRA resources in paging may be very useful. At the same time, the stationary UE may have other request which need to be indicated to the network as early as possible. Therefore, we think it’s worth of consideration to introduce multiple CFRA resources in paging message, but it can be used more flexibly. 

A possible way is to introduce a purpose indication for the multiple CFRA resources in paging and eNB could allocate multiple CFRA resources with different differentiation purposes for different UEs in order that UE can choose suitable CFRA resource according to its own requirements. For example, for a stationary UE, multiple CFRA resources in paging are marked with Msg3 differentiation purpose while for a mobile UE, multiple CFRA resources in paging are marked with CE level differentiation purpose. 
Proposal 3: It’s suggested to introduce multiple CFRA resources in paging and additionally define purpose indication for them.
2.3 Issue#3: UE-initiated fallback

In [106#64][R16 NB-IoT/eMTC]  UP MT-EDT and [106#65][R16 NB-IoT/eMTC] CP MT-EDT, for Msg2-based option, fallback scenario has been mentioned. Similar as that in MO-EDT, most companies think it’s possible that eNB may get indication from MME about more DL data before sending Msg2, then a fallback process may be needed via Msg2 (the first DL transmission after preamble), e.g., the network can use RRCConnectionSetup message to move the UE to RRC connected.
During email discussion, one company has mentioned the UE can also initiate legacy RA or MO-EDT if it does not receive Msg2 after a long enough duration during which UL data arrived, company think it’s UE-initiated fallback. But another company think this is MT-EDT failure instead of fallback. In case there are new UP data arrival but no MT-EDT Msg2 is received, the UE will consider MT-EDT failure. After that, it is up to UE implementation to initiate any other procedure, e.g. legacy RA, MO-EDT or PUR. We agree with the latter understanding, e.g., the mentioned case is MT-EDT failure.
Even this is the case, we still understand the scenarios for MT-EDT may be not completely same as that for MO-EDT. In some or maybe more MT-EDT cases, only after reception of DL data (e.g., a network command), UE could know there will have (large) application UL data to be sent and this information can only be known by UE itself. Therefore, UE-triggered fallback need to be considered.
It may be straightforward that the UE can just send legacy Msg3 (RRC connection request/resume request) upon reception of Msg2 with DL data. And after exchange of Msg4 and Msg5, the UE enters into RRC_CONNECTED state. The example procedure is in following Figure 1:
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However, as the UE has already established or resumed the radio bearer for data transmission upon reception Msg2, radio configuration in Msg4 would be unnecessary. And as UE can already be identified by the network by CFRA resources, the contention resolution in Msg4 is also not needed, Moreover, the S1 procedure is also not needed as S1 interface has been established or resumed before Msg2. Therefore, we think a simplified procedure in the following Figure 2 can be considered:
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In this procedure, the UE can directly send Msg5, e.g., RRC connection setup/resume complete message upon reception of Msg2. For UP solution, if new radio configuration is needed, it can be provided via RRC reconfiguration procedure later.
Proposal 4: It’s suggested to support UE-initiated fallback, e.g., UE can directly send Msg5, e.g., RRC connection setup/resume complete message upon reception of Msg2 if UE finds more UL data to be sent upon reception of DL data.

2.4 Issue#4: Early UE context retrieval 

In the basic procedure for Msg2-based solution for MT-EDT, the eNB (call it new eNB in the following text) will acquire DL data from core network after it gets CFRA preamble. For UP MT-EDT, the new eNB needs UE context to protect DL data in air interface. However, as the new eNB which gets UE paging response may be not the one (call it old eNB in the following text) in which the UE suspend connection last time, the new eNB cannot acquire the UE’s context by itself. This issue needs to be resolved if Msg2-based solution would be supported.

In the previous meeting contributions and during the email discussion, some companies mentioned the solution of “uploading resume ID/UE context to MME and later sending it to eNB in S1 paging”. We agree this solution is feasible, but the concern of “it’s not so suitable to store AS context in core network” also has been mentioned in the contributions. Moreover, the overhead of sending resumeID or context to several eNBs in paging area via paging message also need consideration.
Therefore, we provide other alternatives for this issue with the following thinking:

· The reason why S-TMSI cannot be used for context retrieval is that there has no address of old eNB. Considering that MME can know the old eNB information for a certain UE, another way for UE context retrieval with MME assistance can be considered. 

· In order to avoid sending UE context related information to several eNBs in S1 paging message, new eNB can request UE context only after it gets paging response from UE. 

The technical details is more related to RAN3 specification. It can be found in [4].
3 Conclusions

In this contribution, we have discussed the remaining issues of MT-EDT, especially for Msg2-based solution. We make the following proposals:

Proposal 1: It’s suggested to explicitly indicate kind of “offset” to a certain location of CFRA resources via paging message.
Proposal 2: It’s suggested to consider a way for network to adjust the value range of offset for CFRA resources for MT EDT, e.g., by broadcast.
Proposal 3: It’s suggested to introduce multiple CFRA resources in paging and additionally define purpose indication for them.
Proposal 4: It’s suggested to support UE-initiated fallback, e.g., UE can directly send Msg5, e.g., RRC connection setup/resume complete message upon reception of Msg2 if UE finds more UL data to be sent upon reception of DL data.
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