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1   Introduction
RAN2#96 discussed various aspects of RRC_INACTIVE state, including data transmission, mobility, paging, state transitions. Some of the agreements related to direct downlink data transmission are reflected here [1]:

RAN2#96: 

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.

In this contribution, we provide our view on the design issues of direct downlink data transmission.
2   Discussion
In NR, there has been some discussion on how to support data transfer in RRC_INACTIVE state, where performing data transfer in RRC_INACTIVE state without transitioning to RRC_CONNECTED state is being considered as one option. This mechanism is expected to have a few benefits in terms of overall signaling overhead reduction and power consumption improvement for the UE. While most of the discussion of data transfer in RRC_INACTIVE is concentrated around initial uplink transmission by UE, some companies also have suggested developing a mechanism where downlink data transfer can be scheduled without prior uplink transmission [2-6]. In this paper, we discuss a few aspects related to direct downlink data transmission for RRC_INACTIVE UEs.
2.1   Direct Downlink Data Transmission 
Direct downlink data transmission is present in the UMTS system, where a UE starts to monitor for downlink transmission over the HS-SCCH/HS-PDSCH channels after reception of the PICH paging indicator in its DRX occasions. So, once the network re-configures a UE to the CELL_PCH state and assigns the H-RNTI value, the network can schedule data (DCCH/DTCH) through the HS-SCCH/HS-PDSCH channels. It must be noted that in UMTS this feature is applicable only for the CELL_PCH state, in which the UE location is known at cell level to reduce overhead of transmitting downlink data to multiple cells, in other words no direct DL data transmission is feasible for a UE in the URA_PCH state. 
If direct downlink data is implemented for NR, it might have a design similar to the UMTS system, where a particular RNTI value (e.g. C-RNTI) is assigned to the UE in the RRC_INACTIVE state, which can be used to transmit directly downlink data. In turn, a UE with assigned RNTI will listen to the PDCCH channel  during paging occasions to receive any scheduled downlink data. The detailed implementation can be different, but high level principle is expected to be similar to this mechanism.
Since a UE in the RRC_INACTIVE state can be configured with an area comprising one or multiple cells as per latest RAN2 agreements, it remains a bit unclear how the feature will be operated. More specifically, feasibility of the whole feature is dependent on RNTI design for the NR system. As elaborated in [7], if C-RNTI value is unique within the scope of a single cell, then benefits of the scheme are restricted only for UEs which are camped on the anchor cell. To allow direct DL transmission to a UE in the RRC_INACTIVE state configured with the RAN paging area comprising multiple cells, the NR system must support RNTI that is unique within the whole area.
Observation 1 The performance improvement is dependent on selection of RNTI used for direct downlink transmission and its area applicability (e.g. number of cells).

It is worth noting that one of the reasons to introduce the direct downlink data transmission in the UMTS system was a need to have a possibility for a direct transition from the CELL_PCH to the CELL_DCH state. In other words, the network can send directly the RRC re-configuration message asking a UE to move to CELL_DCH, instead of paging it first and then re-configuring from CELL_FACH to CELL_DCH. Since the NR system is expected to have only one new RRC state, INACTIVE, it should be analyzed whether this use case is needed.  
Another issue with this feature is that uncertainty in UE position reduces the effectiveness of the scheme. If the network does not know the exact position of the UE (for e.g. UE can be located at cell edge), the network is expected to resort to using the most robust modulation and the coding scheme while sending downlink data. However, the downlink capacity loss in this case can be marginal as we do not anticipate large volumes of data.
Observation 2 If UE position is not known, direct downlink data transmission may require robust modulation and coding scheme to compensate for the uncertainty in UE position.
The other issue with using direct downlink is uplink feedback mechanism for ACK/NACK transmission. Since, UE may lose uplink synchronization if no uplink transmission is performed for a while, it is difficult to assume how ACK/NACK feedback for direct downlink data can be transmitted by the UE without performing RACH procedure. One possible solution is to follow procedure similar to UMTS system, where UE transmits RLC ACK/NACK for the direct downlink data after resuming connection with the network. In other words, once a UE in the INACTIVE state receives downlink data triggering uplink transmission, it will perform connection resume procedure as if it had uplink data in the first place. However, if a UE inevitably has to perform the resume procedure, then it is not clear whether the direct downlink transmission with the resume procedure will result in noticeably better performance when compared to the paging with the resume procedure followed by the downlink data. 
Observation 3 ACK/NACK transmission for downlink data might anyway require resuming the connection. 
Based on the aforementioned observation, it seems that feature can potentially improve performance only for those scenarios where small downlink data transmission does not require any uplink transmission in response and/or application layer acknowledgements (e.g. blind downlink transmission over UDP and RLC AM mode). However, as the given use cases may not occur frequently, performance improvement needs to be analyzed for real world scenario.
Observation 4 Direct downlink data transmission may improve UE power consumption for the case when UE is not required to transmit any uplink data in response.
There is also a prospect of latency improvement for UE to resume connection with the network (apart from latency improvement for initial downlink transmission). Instead of using paging message to indicate to UE to initiate resume procedure, network can directly transmit downlink data whose successful reception triggers state change for UE. It should be noted however that this is only applicable for MT data and overall latency for data transfer includes latency due to DRX cycle, which is expected to be the larger component. The incremental gain from this feature should be assessed by accounting for what RAN2 will agree for the resume procedure itself.
Observation 5 Marginal latency improvement with respect to resuming connection with the network and initial DL transmission can be achieved by this feature.
3   Conclusion
This paper discusses different aspects of direct downlink transmission for RRC_INACTIVE mode. Following observations are made in this paper:
Observation 1:
The performance improvement is dependent on selection of RNTI used for direct downlink transmission and its area applicability (e.g. number of cells).

Observation 2:
If UE position is not known, direct downlink data transmission may require robust modulation and coding scheme to compensate for the uncertainty in UE position.

Observation 3:
ACK/NACK transmission for downlink data might anyway require resuming the connection.

Observation 4:
Direct downlink data transmission may improve UE power consumption for the case when UE is not required to transmit any uplink data in response.

Observation 5:
Marginal latency improvement with respect to resuming connection with the network and initial DL transmission can be achieved by this feature.
Based on observations presented in our discussion paper our preliminary view is that direct downlink data transmission to a UE in the INACTIVE state has a limited number of use cases where it can bring noticeable gains. In addition, whether this feature can or cannot be technically introduced to the NR system depends on other on-going technical discussions, such as radio network identifiers, uplink data transmission in the INACTIVE state, etc. 
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