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1. Introduction

In RAN2 #95b, the report of the email discussion [95#28][NR] on data transmission in ‘new state’ has been proposed and discussed with focus on the uplink data transmission. The following agreements [1] have been made:

Agreements for how progress the study:

1: 
For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.

1a
We need to discuss and determine the use case for data transmission

1b
Determine the latency requirements from the RAN TR that apply for the "new state".

2
2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)

b) 
Transmit data together with initial RRC message for transition to connected

c) 
Transmit data in "new state"

Although the email discussion was planned to also cover the case of downlink, it was not discussed in the RAN2 #95b due to lack of time. In this contribution, we will further discuss the methods for downlink data reception in NR ‘new state’.
2. Discussion

2.1
Downlink control message and downlink data reception
As mentioned in [2], the downlink control message reception is at least required if the relevant uplink control message or uplink data (MO user data) is transmitted in the new state, since the corresponding acknowledgement of the uplink transmission needs to be sent over the downlink.
As the ‘latency’, ‘signalling overhead’, and ‘UE power consumption’ are the major aspects to be considered for the uplink packet transmission in NR new state, the same aspects should also be evaluated for the necessities of downlink data (MT user data) reception in NR new state. 
As the baseline, the signalling flow of move to connected and then transmit data is shown in Fig. 1. The paging message with connection resume indication is used for triggering UE to move to connected state.
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Fig. 1 Move to connected and then transmit data

It is well known that this baseline method works well if there is no frequent state transition, due to its relatively large signalling overhead and latency. The UE power consumption is also consequently higher. So in the scenario of small and infrequent downlink data reception, other methods should be evaluated. As mentioned in [3], it might be beneficial to support direct downlink data reception without entering to full connected active state.
Proposal 1: Downlink data reception without entering to full connected active state should be supported.
2.2
Methods for downlink data reception in NR new state
Like the uplink data transmission in NR new state, in addition to baseline move to connected and then transmit data, there are two potential approaches including transmit data together with initial RRC message for transition to connected and transmit data in new state, for the downlink data reception in NR new state.
About the downlink data reception with initial RRC message, the signalling flow is shown in Fig. 2. The paging message with downlink data indication is used for triggering UE to start random access procedure. It should be noted that the RA msg 3 is used to request the downlink data and RA msg 4 includes the contention resolution with the downlink data packet. After the reception of the downlink data packet, the UE stays in Inactive state without moving to connected state.
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Fig. 2 Downlink data reception with initial RRC message

It is observed that the signalling overhead and latency is reduced comparing to the baseline method. However, the downlink data reception through the RA procedure has no security protection. The possibility of contention is also a risk to the latency requirements.

About the downlink data reception in NR new state, a method of notification with DL data transmission (notification carries DL data) has been proposed in [4]. The signalling flow is shown in Fig. 3. If the notification is a paging like message, the DL data transmitted sent together with the notification is transmitted on the common resource for all the UE. By taking LTE system as reference, the paging resource is limited and the content of the paging message is not security protected. This will limit the use case of this method.
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Fig. 3 Downlink data transmission with notification

The signalling flow of another method for the downlink data reception on shared channel in NR new state is shown in Fig. 4. It is assumed that the UE can be configured with valid C-RNTI in the cell within the RAN based area. In case the area consists of a single cell, the cell belongs to anchor gNB. Since the DL data packet is transmitted on the shared channel, the size of the data packet can be easily adjusted and the security protection can be utilized. The UE can be configured with connected mode DRX for monitoring the downlink control channel. The downlink data is transmitted directly on the shared channel to replace the notification, so no paging resource is used. In addition, this method also requires less signalling overhead and has lower latency.
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Fig. 4 Downlink data reception on the shared channel
It is observed that the methods of direct downlink data reception requires less signalling overhead and has shorter latency comparing to the baseline method of moving to connected state before downlink data transmission and the method of downlink data reception with initial RRC message.
	
	Signalling overhead
	Latency
	Security
	Note

	Method of Fig. 1
	Significant
	Large
	Yes
	No extra specification impact

	Method of Fig. 2
	Reduced
	Reduced
	No
	Contention delay

	Method of Fig. 3
	Less
	Low
	No
	Paging resource

	Method of Fig. 4
	Less
	Low
	Yes
	Valid C-RNTI for the UE


Proposal 2: Methods for direct downlink data reception in NR new state should be studied.
3. Conclusion

In this contribution, we discuss the methods for downlink data reception in NR ‘new state’, and propose:
Proposal 1: Downlink data reception without entering to full connected active state should be supported.
Proposal 2: Methods for direct downlink data reception in NR new state should be studied.
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