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Discussion and decision
1 Introduction

In RAN plenary # 80 meeting, following objectives for Rel-16 eMTC WI have been approved.
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

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

Mobile-Originated or UL EDT was introduced as a new feature for Rel-15 eMTC and NB-IoT. Due to lack of time, RAN2 did not discuss the Mobile-Terminated or DL EDT in Rel-15 WI.  In this contribution, we discuss the options to receive the Mobile-Terminated or DL EDT when DL data is available in MME/SGW and the UEs are in IDLE mode (with or without suspend indication) and have no UL EDT data to transmit.
2 Discussion
2.1 Minimum requirement to send DL EDT (only) in Msg4

2.1.1 DL EDT sent over CP
When a MME has a CP small DL data (DL-EDT data) to deliver to UE that is in IDLE without suspend (or using CP CIoT optimization), it needs to locate the UE within the configured TA and legitimize UE. For this purpose, it initiates paging and needs to receive the NAS service request from the given UE. Note that the usage of only S-TMSI sent in Msg3 (i.e. without the NAS service request) would not be sufficient from security point of view as S-TMSI may have been exposed. Therefore to enable DL-EDT, UE will need to send a NAS PDU (service request) with/without UL data container in Msg3. In order to send this, Msg.3 requires a larger UL grant in RAR than the minimum UL grant (56 bits). The main difference between UL CP EDT and DL CP EDT is the requirement of size of UL grant in RAR as shown in Table 1.
Table 1 Difference between UL EDT and DL EDT in CP solution.
	
	Initiation
	Msg3 (SRB0)
	Msg4 (SRB0)

	Rel-15 UL CP EDT
	UE has small UL data
	- Min UL grant in RAR = 328 bits
- Includes (NAS service request + UL CP data)
	- May include CP DL data, if MME also has DL data

	Rel-16 DL CP EDT
	MME has small DL data
	- Min UL grant in RAR = (56 + x) bits, FFS (e.g., x ~ 32)
- Includes only NAS service request 
	- Includes CP DL data


Observation 1. For DL early data transmission (DL EDT) only sent over CP when using CP CIoT optimization: UE needs to include NAS signalling (i.e., NAS service request) in Msg3 to authenticate the UE in NAS level before sending the DL EDT (over NAS PDU) in Msg.4.

2.1.2 DL EDT sent over UP
When UE is using UP CIoT optimization, eNB has to make sure that UE has already activated AS security before it can send the encrypted DL UP small data in Msg4. The main difference is that for UL EDT, UE requires larger UL grant in RAR whereas for DL EDT, legacy UL grant is sufficient as shown in Table 2.
Table 2 Difference between UL EDT and DL EDT in UP solution.
	
	Initiation
	Msg3
	Msg4

	Rel-15 UL UP EDT
	UE has small user UL data
	- Min UL grant in RAR = 328 bits
- RRC Message multiplexed with UP data, security activated
	- RRC Msg: IP protected and ciphered

- May multiplex ciphered DL data, if SGW also has DL data

	Rel-16 DL UP EDT
	MME/SGW has small DL data
	- Min UL grant in RAR = 56 bits, legacy
- Includes only RRC message, 

security activated
	- RRC Msg: IP protected and ciphered

- Multiplexes ciphered user DL data


Observation 2. For DL early data transmission (DL EDT) only sent over UP when using UP CIoT optimization: UE needs to activate AS security using the NCC received in previous suspend procedure before sending the DL EDT (over UP) in Msg.4.

2.2 Options to enable DL EDT (only)

The following sections further discuss and analyse options for the UE to receive small DL data (DL-EDT) in Msg4 when using CP C-IoT optimization and UP C-IoT optimization. Note that any indication or change in format of Msg1 or RAR are not considered as the related WI's objective should not impact RAN1.

2.2.1 Options to enable DL EDT over CP
To enable DL EDT (only) in Msg4 when using CP CIoT optimization different options are described for the following key points: how the DL-EDT indication is sent from eNB to UE (step #1) and how the DL-EDT indication is sent from UE to eNB (step #2)

For CP solution, the step #1 can be important for a UE to receive a larger UL grant in RAR, or to know that cell supports DL EDT or that there is DL EDT data to receive. And the step #2, for eNB to identify the right UE that requires a larger UL grant in RAR (to send NAS service request in Msg3).
Step#1.1: DL-EDT indication from eNB to UE

Option#1.1.a: DL EDT payload in paging message

In this option, DL EDT data is directly delivered to UE via paging message and UE may not need to take any further action, i.e., UE does not need to initiate any RRC connection request if acknowledgment is not required. This can be beneficial for stationary UE. However, disadvantage is the overhead in paging message.

Option#1.1.b: DL EDT indication in paging message

In this option, UE knows from the paging message that MME has a DL EDT data to transmit. Then UE can follow the step#2. The benefit is that UE follows step#2 only when it knows there is DL EDT data to receive.

Option#1.1.c: DL EDT support indication in broadcast

In this option, UE knows from system information that cell supports DL EDT. This is considered as an indication that whenever a paging message is received, UE should follow the step#2 without knowing there is any DL EDT data or not. The disadvantage is the eNB receives unnecessary DL EDT indication from UE, probably wasting power and resource.

Table 3 comparison on DL EDT indication in paging vs broadcasting DL EDT support in CP solution

	Solutions 
	Pros
	Cons

	Option#1.1.a) 
DL EDT data in paging message
	- UE can receive DL data without any RRC connection attempt.
- Beneficial if UE is stationary.
	- Overhead in paging message and network signalling overhead in a tracking area.

	Option#1.1.b)

DL EDT indication in paging 
	- UE prepares RRC Msg.3 including NAS PDU (service request) only when necessary.
	- An indication needs to be added in paging message.

	Option#1.1.c)

DL EDT support indication in broadcast
	- No impact to legacy paging message.
	- Every UE upon reception of paging needs to prepare RRC Msg.3 including NAS PDU (service request).

- eNB has to provide always larger UL grant in Random Access Response even when DL EDT is not used. 


Observation 3. For a stationary UE (assuming that MME also know last UE’s location), small DL EDT can be sent via paging message and UE does not need to take any further action.

Observation 4. DL-EDT indication in paging allows the UE to prepare the RRC Msg.3 including the NAS service request only when it is necessary.
Step#2.1: DL-EDT indication from UE to eNB

Option#2.1.a: reusing Rel-15 UL EDT PRACH resource
In this option, eNB knows UE would send NAS service request in Msg3 from UL-EDT dedicated PRACH resource. The disadvantage is eNB would not be able to identify whether the UE is intended to receive DL EDT or intended to initiate only UL EDT from Msg1. If UE has no UL data to transmit, UE would have to transmit hundreds of padding bits in Msg3 in addition to resources wasted due to multiple grants provided.


Option#2.1.b: using dedicated DL EDT PRACH resource
In this option, eNB knows UE would send NAS service request from DL-EDT dedicated PRACH resource. The advantage is eNB can identify UE that is intended to receive the DL EDT and can provide larger UL grant. The disadvantage is further partitioning impacts system performance, however, limited resource (for example, one dedicated preamble per CE level) would be sufficient when it is used only to respond the paging message that indicates DL EDT.

Option#2.1.c: Using legacy PRACH resource and blind attempt
In this option, after the step#2 (receiving DL EDT indication either from paging or broadcast), UE always prepares RRC Connection Request message that concatenates the NAS PDU (NAS service request). As fallback option, UE can also prepare the legacy RRC connection Request message without NAS PDU. 
In this option, eNB would not know whether UE sends NAS service request in Msg3 from PRACH resource. After sending paging, eNB may blindly provide larger UL grant in RAR. The disadvantage is the intended UE for DL EDT may not receive larger UL grant to be able to send the NAS service request in Msg3.
Table 4 Options for DL-EDT indication from UE to eNB in CP solution

	DL-EDT indication from UE to eNB
	Pros
	Cons

	Option#2.1.a)

UL EDT PRACH resource
	- Reusing the Rel-15 UL EDT PRACH resource
	- Power consumption due to excessive paddings and resource wastage due to larger UL grants when there is no UL data to send in Msg.3.

- Requires change in condition to use Rel-15 UL EDT PRACH resource.

	Option#2.1.b)

Dedicated DL EDT PRACH resource
	- eNB can identify UE that is intended to receive the DL EDT.

- Limited resource could be sufficient without much impact to system performance.
	- Additional PRACH resource partitioning.

	Option#2.1.c)

Legacy PRACH resource
	- Least specification impact
	- eNB cannot identify UE for DL EDT.

UE that is intended to receive DL EDT may not receive larger UL grant in RAR.


Observation 5. Dedicated PRACH resource can be configured for the eNB to identify the UEs that intend to receive DL EDT without much impact on system performance.
2.2.2 Options to enable DL EDT over UP
In UP solution, similar steps as described for CP solution can be used as indication for activation of AS security before Msg3. Note that unlike in CP solution, legacy minimum UL grant size in RAR is sufficient. These can be summarized as follows.
Step#1.2: DL-EDT indication from eNB to UE


Option#1.2.a: DL EDT payload in paging message (same as Option#1.1.a)

However, UE can only be able to receive the non-IP CP data (i.e., no user plane data) when using UP CIoT optimization. This solution would not applicable to send UP data.

Option#1.2.b: DL EDT indication in paging message (same as Option 1.1.b)

UE activates AS security only when DL EDT is indicated in paging if UE has no UL EDT data and received NCC in the previous suspend procedure.

Option#1.2.c: DL EDT support indication in broadcast (same as option 1.1.c)

If cell supports DL EDT, UE always activates AS security upon paging reception to send Msg3 if the UE has received NCC in the previous suspend procedure.

Table 5 comparison on DL EDT indication in paging vs broadcasting DL EDT support in UP solution

	Solutions 
	Pros
	Cons

	Option#1.2.b)

DL EDT indication in paging 
	- UE activates AS security only when necessary.
	- An indication needs to be added in paging message.

	Option#1.2.c)

DL EDT support indication in broadcast
	- Legacy paging message is used.
	- Every UE upon reception of paging needs to activate AS security. This breaks legacy resume procedure.

- This also brings more complexity on handling new and old security keys for any UE when it fails to resume due to RLF or missing Msg4 or cell reselection or T300 expiry.


Observation 6. In UP solution, the usage of DL EDT support indication in broadcast requires every UE to activate AS security upon reception of paging. This is not ideal, instead it is better to use a common option (i.e., DL EDT indication in paging) for DL EDT in both CP and UP solution.
Step#2.2: DL-EDT indication from UE to eNB


Option#2.2.a: reusing Rel-15 UL EDT PRACH resource (same as Option#2.1.a)


eNB knows UE already activated AS security from UL EDT PRACH resource.

Option#2.2.b: using dedicated DL EDT PRACH resource (same as Option#2.1.b)
In this option, eNB knows UE has activated AS security after receiving Msg3 looking at the dedicated PRACH resource that was used. The disadvantage is impact on the system performance.

Option#2.2.c: Using new type of RRC connection resume request
In this option, UE uses legacy PRACH resource and receives legacy UL grant in RAR. eNB knows UE has activated AS security from new type of RRC connection Resume Request (for example, RRCResumeEarlyDownlinkDataRequest). The benefit is that UE does not need to use dedicated PRACH resource for UL EDT or DL EDT. This reduces the number of dedicated PRACH resources for DL EDT to be configured for CP solution.
Table 4 Options for DL-EDT indication from UE to eNB in UP solution

	DL-EDT indication from UE to eNB
	Pros
	Cons

	Option#2.2.a)

UL EDT PRACH resource
	- Reusing the Rel-15 UL EDT PRACH resource
	- Power consumption due to excessive paddings and resource wastage due to larger UL grants when there is no UL data to send in Msg.3.
- Requires change in condition to use Rel-15 UL EDT PRACH resources.

	Option#2.2.b)

Dedicated DL EDT PRACH resource
	- eNB can identify UE that activates AS security.
	- Additional PRACH resource partitioning and system impact.

- If shared with CP solution, UE receives larger UL grant which is not necessary.

	Option#2.2.c)

Using new type of RRC connection resume request (Msg3)
	- Legacy PRACH is used.
	- New type of RRC connection resume request message.


Observation 7. In UP solution, using dedicated PRACH resource shared with CP solution is not efficient as UE does not require larger UL grant in RAR. A new type of RRC connection resume request message can be introduced to indicate via Msg3 (not via Msg1) that UE is ready to receive DL EDT in Msg4.
As observed in the observations 4 and 6 above, it is better to have common solution (using paging message) in CP and UP CIoT optimization for eNB to inform the UE about the availability of DL EDT.
Proposal 1. DL EDT indication is included in paging message to let UE know paging is for DL EDT data.

From the observation 5 above, it is better to use limited PRACH resource for DL EDT for eNB to identify the UE intended to use DL EDT in CP solution.

Proposal 2. When using CP CIoT optimization, UE prepares RRC Msg3 to include NAS PDU (i.e., NAS service request) and uses new dedicated DL-EDT PRACH resource for the selected CE level upon receiving DL-EDT indication in paging message. This would allow DL-EDT in corresponding RRC Msg4.
From the observation 7 above, it is better to use a new RRC Msg3 for eNB to identify the UE intended to use DL EDT in UP solution.

Proposal 3. When using UP CIoT optimization, UE uses legacy PRACH resource (for the selected CE level) and prepares a new RRC Msg3 that indicates the activation of the AS security upon reception of corresponding MSg.4 (assuming successful resumption of the RRC connection). This would allow DL-EDT being multiplexed with RRC Msg4.

3 Conclusion

The observations captured are the following:
Observation 1.
For DL early data transmission (DL EDT) only sent over CP when using CP CIoT optimization: UE needs to include NAS signalling (i.e., NAS service request) in Msg3 to authenticate the UE in NAS level before sending the DL EDT (over NAS PDU) in Msg.4.
Observation 2.
For DL early data transmission (DL EDT) only sent over UP when using UP CIoT optimization: UE needs to activate AS security using the NCC received in previous suspend procedure before sending the DL EDT (over UP) in Msg.4.
Observation 3.
For a stationary UE (assuming that MME also know last UE’s location), small DL EDT can be sent via paging message and UE does not need to take any further action.
Observation 4.
DL-EDT indication in paging allows the UE to prepare the RRC Msg.3 including the NAS service request only when it is necessary.
Observation 5.
Dedicated PRACH resource can be configured for the eNB to identify the UEs that intend to receive DL EDT without much impact on system performance.
Observation 6.
In UP solution, the usage of DL EDT support indication in broadcast requires every UE to activate AS security upon reception of paging. This is not ideal, instead it is better to use a common option (i.e., DL EDT indication in paging) for DL EDT in both CP and UP solution.
Observation 7.
In UP solution, using dedicated PRACH resource shared with CP solution is not efficient as UE does not require larger UL grant in RAR. A new type of RRC connection resume request message can be introduced to indicate via Msg3 (not via Msg1) that UE is ready to receive DL EDT in Msg4.

The proposal captured are the following:
Proposal 1.
DL EDT indication is included in paging message to let UE know paging is for DL EDT data.
Proposal 2.
When using CP CIoT optimization, UE prepares RRC Msg3 to include NAS PDU (i.e., NAS service request) and uses new dedicated DL-EDT PRACH resource for the selected CE level upon receiving DL-EDT indication in paging message. This would allow DL-EDT in corresponding RRC Msg4.
Proposal 3.
When using UP CIoT optimization, UE uses legacy PRACH resource (for the selected CE level) and prepares a new RRC Msg3 that indicates the activation of the AS security upon reception of corresponding MSg.4 (assuming successful resumption of the RRC connection). This would allow DL-EDT being multiplexed with RRC Msg4.


