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Introduction
RAN2 #96 meeting has reached the following agreements for DL data transmission in RRC_INACTIVE state.
Agreements
1	DL data in response to UL data should be considered in the development of solution A and B for UL data (2 email discussions above)
2	Study direct downlink data transmission not in response to any UL activity in RRC_INACTIVE without entering to full connected state. This study is a second priority compared to the study of UL data in inactive.
This contribution discusses the potential methods to transmit DL data in RRC_INACTIVE state. 

Discussion
RRC_INACTIVE state has been introduced for fast transition to RRC_CONNECTED state with almost the same power-saving feature as in IDLE state. For UEs in RRC_INACTIVE state, the network maintains their protocol context and core-network connections at anchor gNB, while the air-interface connections between UE and gNB are suspend. Hence, these UEs only need to resume their air-interface connections to get into RRC_CONNECTED state. 
When a large DL data is coming, it is obviously a better solution to move the UE into RRC_CONNECTED state firstly and then performs DL data transmission. Due to the existence of radio-link measurement and CQI feedback process, data can be delivered to an RRC_CONNECTED UE in a more spectrum-efficient manner. However, when the size of arriving DL data is smaller than a threshold, it is not efficient any more to move the UE into RRC_CONNECTED state if taking into account the power consumption, data transmission delay and signalling overhead caused by the air-interface connection setup and release process. Direct DL data transmission in RRC_INACTIVE state could be a better solution for small-size data. The detailed threshold value for direct DL transmission could depend on the minimal signalling overhead during the transition process to RRC_CONNECTED state. 
The following figure describes three potential options to transmit DL data to an RRC_INACTIVE UE. As shown in the figure, DL data could be transmitted together with the paging message; or inside any DL messages during the random access process; or after the UE get into RRC_CONNECTED state as in legacy LTE system. In the following, these three DL data transmission options would be discussed in details one after another. 
In solution (1), DL data could be transmitted inside paging message or RAN notification message. In this solution, gNB have to wait for the next paging occasion or notification occasion at first after data arriving. The detailed waiting time depends on the configured period of paging occasion or notification occasion of that UE. Although this period could be changed to a smaller value for RRC_INACTIVE UEs to reduce the waiting time, it would lead to bigger UE power consumption due to the more frequent decoding attempts in each paging occasion.
Then, the data is transmitted in the paging message. The destination UE would monitor the PDCCH with P-RNTI to acquire the grant information of the paging message, receive the whole paging message, and read the information or data belonging to it. To suppress the impact of unnecessary receiving of paging message, P-RNTI value used by inactive UEs could be separated from IDLE UEs in the cell.  In this method, power consumption could be reduced not only at the RRC_INACTIVE UEs, but also at the IDLE UEs as they would not receive the paging message for the RRC_INACTIVE UEs either. 



Figure-1 Three options for DL data Transmission for an RRC_INACTIVE UE

Proposal 1: For the solution where DL data is transmitted with paging message, one separate P-RNTI values should be allocated to RRC_INACTIVE UEs to suppress the power consumption at both RRC_INACTIVE UEs and IDLE UEs. 	

If the cell-specific location of the RRC_INACTIVE UE is not known to the network, the paging message with data could be broadcast in a RAN notification area where RRC_INACTIVE UE could move around without location update to the network. The RAN notification area could contain multiple cells, and such a wide-area paging could waste much radio resource. Therefore, only very small-size DL data could be transmitted in this method. If the cell-specific location of RRC_INACTIVE UE is known by the network, the paging message with data could be broadcast in a single cell. Thus the needed radio resource for paging message could be significantly reduced. Therefore, the data-size threshold for selecting paging message to deliver DL data could be a little larger for the case with location information than the case without it. It should be noted that the spectrum efficiency of such paging message is still much lower than the data transmission in the RRC_CONNECTED state due to the lack of CQI information for the radio channel between UE and gNB. Based on the signalling overhead during the transition process from RRC_INACTIVE state to RRC_CONNECTED state, two threshold values should be used by gNB for the selection of paging message in the DL data delivery to RRC_INACTIVE UE. One is for RRC_INACTIVE UEs with cell-specific location information, e.g. UEs still under the coverage of anchor eNB or UEs with UL data transmitted in advance. And the other is for RRC_INACTIVE UEs without cell-specific location information. 

Observation 1: When the size of DL data is small enough, it is more efficient and faster to use paging message for the delivery of DL data. For the selection of paging message to deliver DL data, two small-data threshold values should be used by gNB for RRC_INACTIVE UEs with and without cell-specific location information. 

In solution (2), DL data is delivered during the process of random access process, which consists of 4 messages in legacy LTE system. DL data could be delivered separately as an independent message or together with the existing 2nd and 4th messages. Because it is not necessary to get into RRC_CONNECTED state after the delivery of the DL data when data size is small enough, the signalling overhead related to connection setup could also be eliminated during the RA process. Before the transmission of first message, i.e. the preamble sequence in legacy LTE, RRC_INACTIVE UE has to read the system information of currently camping cell and acquire the configuration information of PRACH in it. Then it will send the first message to gNB of that cell, and DL data will also be transmitted in that single cell. Hence, there’s no resource waste caused by multi-cell broadcasting. Moreover, gNB could acquire most of information of UL channel based on the receiving of the first message, and DL data could be transmitted in a much more spectrum-efficient manner. Besides, UL synchronization could also be realized through the processing of the first message, and it could be easier to respond ACK/NACK signal from UE after it receives the DL data. Therefore, compared with solution (1), solution (2) could provide better spectrum efficiency in the DL data transmission and ACK/NACK response at the expense of preamble’s transmission in UL. When the size of data is medium, or when the load of PRACH channel is low, solution (2) is a better solution. 2-step RACH could be used as a low-latency enhancement for legacy 4-step RACH, and DL data could also transmitted in the 2nd step in the same method as described above. 

Observation 2: DL data transmission in the RA process could be a better solution for medium-size data or when the load of PRACH channel is low. 

In solution (2), DL data could be delivered as an independent message taking place of the original Message 2. A specific preamble could be notified to the UE in the paging message so that no contention would happen in the first message.  An example of detailed process is shown in Fig.2.  As shown in the figure, after anchor gNB find data arriving, it would send a paging command to all the serving gNBs in the RAN notification area through X2 interface, together with DL data and destination UE ID. Then paging message is broadcast in the entire RAN notification area with the information of a specific preamble A. After UE receives the paging message, the RRC_INACTIVE UE would send the preamble A to the serving gNB in the camping cell. Serving gNB could then forward the DL data directly to the UE at the position where original Message 2 should send. Finally, the UE could send an ACK/NACK signal after it receives DL data. It should be noted that UL synchronization could be recovered after the serving gNB receives the preamble A, and this make it easier to deliver ACK/NACK signal for the received DL data. Compared with the method transmitting DL data with original 2nd or 4th message, such an independent data transmission could save the signaling overhead caused by original messages, and DL data could be transmitted faster due to the avoidance of contention happening at the first message. 



Figure-2 DL data transmission in RA process without contention


Proposal 2: For solution (2), a specific preamble could be notified in the paging message to prevent the contention happening at the first message, and data could be transmitted directly instead of Message 2. 

In Solution (3), data is transmitted after the UE gets into RRC_CONNECTED state, as same as in legacy LTE. After the transmission of DL data, some connection release process is also needed to transit the UE back to RRC_INACTIVE state. Hence, all the necessary signalling messages related to connection setup and release have to be exchanged between UE and gNB in solution (3) and the signalling overhead is much bigger than the other two solutions. Therefore, although DL data can be transmitted in higher spectrum efficiency through the exchange of radio channel information, the overall resource efficiency could not be that high after taking into account the unavoidable signalling overhead. As a result, solution (3) could only be better when the DL data size is large.  
Observation 3: After getting into RRC_CONNECTED state, data could be transmitted in higher spectrum efficiency. And solution (3) could be a better solution for large data.

Conclusion
This paper discusses different solutions of DL data transmission in RRC_INACTIVE mode. Following observations are made in this paper: 
Observation 1: When the size of DL data is small enough, it is more efficient and faster to use paging message for the delivery of DL data. For the selection of paging message to deliver DL data, two small-data threshold values could be used by gNB for RRC_INACTIVE UEs with and without cell-specific location information.  
Observation 2: DL data transmission in the RA process could be a better solution for medium-size data or when the load of PRACH channel is low. 
Observation 3: After getting into RRC_CONNECTED state, data could be transmitted in higher spectrum efficiency. And solution (3) could be a better solution for large data.

During the discussion, the following proposals are made: 
Proposal 1: For the solution where DL data is transmitted with paging message, one separate P-RNTI values should be allocated to RRC_INACTIVE UEs to suppress the power consumption at both RRC_INACTIVE UEs and IDLE UEs. 	
Proposal 2: For solution (2), a specific preamble could be notified in the paging message to prevent the contention happening at the first message, and data could be transmitted directly instead of Message 2. 
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