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1. Introduction
Data transmission in RRC_INACIVE without state transition is beneficial in reducing data transmission latency, signaling overhead and UE power consumption. In the last meeting, RAN2 agreed that DL data transmission in response to UL activity should be considered and direct DL data transmission not in response to any UL activity is a second priority. We discuss the open issues of DL data transmission in response to UL activity and provide some proposals for further study in this contribution.
2. Discussion
2.1. Characteristics and open issues
There are two types of DL data transmission in response to UL data: 1) feedback to UL data, such as TCP ACK, or 2) DL data transmission triggered in response to the UL request. Both type of data 1) and 2) share similar transmission characteristics. It is possible for gNB to know UE camped on cell and send DL data within the cell. It is also possible for gNB and UE to predict the time boundary of DL data arrival, including the shortest time interval between UL data and DL data, and the maximum time latency for the DL data arrival. We can study the DL data transmission in response to UL activity considering the above characteristics.
Observation: When considering the DL data transmission in response to UL activity: 
1) It is possible for gNB to know UE camped cell and send DL data within the cell; 
2) It is possible for gNB and UE to predict the time boundary of DL data arrival, including the shortest time interval between UL data and DL data, and the maximum time latency for the DL data arrival. 
To perform the DL data transmission in response to UL activity, the following open issues are identified considering the order of UE and gNB processing. 
The open issues of DL data transmission in response to UL activity should be considered:
· UE behavior after UL data transmission

· Trace of UE camped cell

· The procedure of DL data transmission

· The RB for DL data

· Feedback of DL data

· Decision of entering RRC_CONNECTED state
· UE action after one shot DL data transmission
In the following, we will discuss the open issues one by one.
2.2. UE behavior after UL data transmission

If UE knows DL data should be transmitted due to UL activity, there are two options to consider for UE actions: 1) entering DRX according to notification mechanism and waking up for DL data reception on notification occasion; 2) monitoring DL data transmission for a period of time as configured by the network. The two options are analyzed briefly in below table. Option 1 helps UE power saving but increases DL data latency and may increase UL data latency for UL and DL interactive service. Short notification DRX period could be considered for latency reduction in option 1. However, shorter notification DRX means higher UE power consumption even if the UE doesn’t need to receive DL data in response to UL activity. Option 2 supports data transmission without waiting but at the cost of UE power consumption. Comparing the two options, in some cases, such as for interactive service, quick data transmission is more important, and in some cases, such as the sparse eMTC data without latency requirement, power saving is more important. Therefore, a mechanism of UE monitoring DL data after UL activity should be considered depending on the use scenario. A reasonable way is that gNB configures option 2 is applicable for specific UE or service. In general, the shortest time interval between UL activity and DL data is predictable, which includes time for transmitting UL data to higher layer (such as application layer), higher layer processing UL data and generating DL data, mapping DL data in air interface, etc. Then UE could enter DRX during the shortest time interval between UL activity and DL data transmission. Subsequently, UE could wake up for DL data reception during a certain period which should be configured by gNB. If the DL data monitoring timer expires, UE should stop monitoring DL data if no other indication of DL data transmission is triggered. 

Table 1 Analysis of two options for UE behavior after UL data transmission

	
	Option 1: Receiving DL data on notification occasion
	Option 2: Monitoring DL data after UL activity

	Pros
	Good for UE power saving
	Timely DL data transmission
UE enters DRX before predicted DL data occasion (Timer 1), and monitors DL transmission during a configured time duration (Timer 2). The Timers should be configured by GNB.

	Cons
	Increasing latency of DL data reception, and may block UL data transmission because of late TCP ACK.
Short notification DRX configuration increases UE power consumption for all UEs.
	Increasing UE power consumption


Proposal 1: Mechanisms of UE monitoring DL data after UL activity should target different use cases and services. GNB should enable/disable the procedure of UE monitoring DL data after UL activity and configure the necessary parameters.
2.3. Trace of UE camped cell

NR gNB knows UE camped cell after UL data transmission. It is possible for gNB to store the UE location and transmit DL data in the cell where the UE is located. . However, RRC_INACTIVE UE performs mobility by cell reselection. Hence it is possible that UE reselects to another cell during the time between UL data transmission and DL data reception. There are two possible solutions for gNB deciding DL data transmission area: 
1) gNB sends the DL data in the cell in which UE transmitted the last UL data, and expands to multiple cells to send DL data if the 1st try is failed; 
2) UE reports to gNB its camped on cell after cell reselection and while expecting DL data. The gNB stores the UE reported cell then sends DL data in the last stored cell. 
The first solution may add delay to the transmission if the UE has changed the cell while the second solution may increase signaling due to the cell update procedure. However the impact is decided by cell change rate during the time  between UL activity and DL data. We think one solution should be targeted for all use cases. And solution 1 seems sufficient to handle the UE change of cell while waiting for DL data.
Proposal 2: RAN2 is requested to discuss how to find the UE location if the UE has changed the cell while waiting for DL data. 
2.4. The procedure of DL data transmission
Since the gNB could be aware of UE camped cell, it could send DL data using unicast transmission or send DL data with notification. There are 4 possible options.
Option 1: gNB transmits DL transmission scheduled by PDCCH with common RNTI for RRC_INACTIVE UEs and includes UE ID in the DL transmission.
In option 1, gNB could schedule the DL transmission during the time duration in which UE monitoring DL data transmission. GNB schedules the DL transmission by PDCCH with common RNTI for all RRC_INACTIVE UEs. In the scheduled DL transmission, a MAC CE containing UE ID could be multiplexed with DL data. RRC_INACTIVE UE monitoring DL transmission could identify UE ID and receive the data in the same DL transmission.
Option 2: gNB transmits DL data scheduled by PDCCH with the unique inactive UE ID
In option 2, gNB schedules the DL transmission by PDCCH with the unique inactive UE ID during the time duration in which UE monitoring DL data transmission. Note that the inactive UE ID is allocated to the UE when transited to inactive state. We could assume that the inactive UE ID is stored in the UE context.and it  is unique within RAN based notification area. 
If a temporary C-RNTI is used for UL data transmission, the temporary C-RNTI can be used to address the UE for DL data transmission by replacing the unique inactive UE ID with the temporary C-RNTI.

Option 3: DL data transmission with UE notification
Option 1 and option 2 are applicable to DL data transmission in response to UL activity and the UE remains in the same cell while UL and DL data transmission take place. however if the Ue has moved to another cell while waiting for the DL data transmission as discussed in section 2.3, the UE location should be found prior to the DL data transmission. Thus, DL data transmission based on notification occasions should be used.
In option 3, the DL data is transmitted together with the notification message. GNB initiates notification in RNA. Because gNB is aware of UE camped cell, the notification message transmission could be optimized. DL data could be contained in the notification message or scheduled in the configured occasion after notification.

Option 4: DL data transmission after notification response
Because gNB is aware of UE camped cell, the transmission of notification message could be optimised. The notification message could assign the radio resources for the UE response, such as a reserved preamble for notification response. After UE response in a specific cell, the NW could transmit DL data only in the cell where the UE is located. If the UE accesses a new gNB, the anchor gNB can provide the data with notification message or the new gNB can fetch the DL data when it receives the UE response.
Proposal 3: The procedures of DL data transmission scheduled by PDCCH (option 1 & 2) and DL data transmission with notification (option 3 &4) could be considered. 
2.5. The RB for DL data

UL data transmission has been discussed in recent meetings and email discussions. Some solutions such as default RB, resumption of some RBs have been suggested. Before the RB for UL data transmission is decided, it is hard to decide the RB for DL data. However, we could expect that the same solution should be applicable to both the RB for DL data transmission and the RB for UL data transmission.

Proposal 4: The RB for DL data transmission in response to UL activity could adopt the same solution(s) as the RB for UL data transmission.
2.6. Feedback of DL data

The feedback mechanism for DL data transmission should be decided based on the method used for DL data transmission and UL data transmission. Moreover feedback mechanism in physical layer hasn’t been decided yet. Therefore we think the feedback mechanism for DL data transmission should be investigated after the basic approach for UL data transmission and DL data transmission is concluded.
Proposal 5: Feedback mechanisms should be studied for DL data transmission in RRC_INACTIVE after the basic approach for UL data transmission and DL data transmission is concluded  
2.7. Decision of entering RRC_CONNECTED state
Similar to RRC state consideration on UL data transmission topic, the DL data transmission could be occurred with or without state transition. The decision of whether to enter RRC_CONNECTED state should be made considering both DL data transmission and UL data transmission. In uplink, UE knows the UL data information. If UE decides to enter RRC_CONNECTED state due to large amount of UL data or consecutive UL data, it can initiate the RRC resumption procedure to enter RRC_CONNECTED. If UE is hard to decide the state transition, it can report BSR or other indication. GNB knows the DL data characteristics and could identify the service characteristics of the received UL data. Then gNB should decide whether to make UE entering RRC_CONNECTED considering both DL data and UL data and notify UE entering RRC_CONNECTED via notification procedure.
Proposal 6: GNB should decide whether to command the UE to enter RRC_CONNECTED considering both DL data and UL data.
2.8. UE action after one shot DL data transmission
In general, if there are consecutive DL data, it is better for UE to enter RRC_CONNECTED and receive consecutive DL data. However, there is a use case that gNB send a few DL small data after UL activity within RRC_INACTIVE. If there is only one shot DL data in response to UL activity, UE could enter DRX after DL data reception. If there are a few DL data to be received, it is better for UE to be aware of the following DL data and keep awake for DL data reception. Therefore, gNB could inform UE whether to keep awake for DL data reception after one shot DL data transmission to improve the transmission efficiency of DL data. Another solution is that UE could restart Timer for DL data monitoring when new DL data received and enter DRX when the Timer expired.
Proposal 7: GNB should inform UE whether to keep awake for DL data reception after one shot DL data transmission to improve the transmission efficiency of DL data.

3. Conclusion

In this contribution, we analyze the characteristic of the DL data transmission in response to UL activity and deduce the open issues.
Observation: When considering the DL data transmission in response to UL activity: 
1) It is possible for gNB to know UE camped cell and send DL data within the cell; 
2) It is possible for gNB and UE to predict the time boundary of DL data arrival, including the shortest time interval between UL data and DL data, and the maximum time latency for the DL data arrival. 
The open issues of DL data transmission in response to UL activity should be considered:

· UE behavior after UL data transmission

· Trace of UE camped cell

· The procedure of DL data transmission

· The RB for DL data

· Feedback of DL data

· Decision of entering RRC_CONNECTED state
· UE action after one shot DL data transmission
Some proposals are suggested according to the open issues one by one.
Proposal 1: Mechanisms of UE monitoring DL data after UL activity should target different use cases and services. GNB should enable/disable the procedure of UE monitoring DL data after UL activity and configure the necessary parameters.
Proposal 2: RAN2 is requested to discuss how to find the UE location if the UE has changed the cell while waiting for DL data.
Proposal 3: The procedures of DL data transmission scheduled by PDCCH (option 1 & 2) and DL data transmission with notification (option 3 &4) could be considered. 
Proposal 4: The RB for DL data transmission in response to UL activity could adopt the same solution(s) as the RB for UL data transmission.
Proposal 5: Feedback mechanisms should be studied for DL data transmission in RRC_INACTIVE after the basic approach for UL data transmission and DL data transmission is concluded.
Proposal 6: GNB should decide whether to command the UE to enter RRC_CONNECTED considering both DL data and UL data.
Proposal 7: GNB should inform UE whether to keep awake for DL data reception after one shot DL data transmission to improve the transmission efficiency of DL data.
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