Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #98
R2-1704894
Hangzhou, China, May 15 – 19, 2017
                          
Agenda Item:
10.4.1.6
Source: 
Huawei, HiSilicon

Title:  
DL data transmission in RRC_INACTIVE

Document for:
Discussion and Decision

1 Introduction

As agreed on last RAN2 #96 meeting , there are two cases to be investigated on DL data transmission in RRC_INACTIVE state:
· CASE1: Response to UL data

· CASE2: MT small data transmission without entering to full connected 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 addresses main issues and discusses potential solutions for both cases
2 Discussion

As agreed in RAN2#95bis[1] and RAN2#96, RRC_INACTIVE UE can be known at the RAN notification area(RNA) level which cover single cell or more than one cell

Agreements

1
Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.

2: 
A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.

3: 
Limit number of radio network identifiers

4:
In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network..
Agreements

1
For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.

2
A RAN notification area can cover a single cell or multiple cells
For CASE2 , the key problem of DL data transmission in RRC_INACTIVE state is that the network may not know the exact UE position if RNA is more than one cell., i.e. a paging-like procedure seems unavoidable. there are two potential options to solve this problem.
· OPTION1: page the whole RNA along with data

· OPTION2: transmit data after UE located
OPTION1 benefit from lower latency at the cost of more radio resource since data is transmitted in all cells in RNA. From the power consumption point of view, other RRC_INACTIVE UEs in the same paging occasion will have to decode more data to check if it is the target UE.
As for OPTION2: The anchor gNB with connection to the CN should initiate paging in the whole RAN based area. Data is only transmitted after UE response to save air resources. 
Proposal 1: If the UE position is not known at cell level, DL small data transmission occurs by RAN based paging, followed by direct scheduling of the data transmission after paging response.
In legacy LTE, UE send paging response via random access procedure carrying RRC messages (RRC request/RRC resume) to identification and initiate protocol setup/resume, as figure 1 illustrated.
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Figure 1 DL transmitting in legacy system

In legacy system , 4 steps RA is needed to identify the UE identity and RRC messages is involved as well. For small data transmitting case, legacy procedure is not efficient in terms of signalling overhead and latency. In this case, RRC messages are used for 3 main reasons:  1). UE resolution. 2). Configure related parameters/protocols 3) state transit to Connected for better scheduling data

Since UE in inactive state has already stored AS contexts and DL data packet size is limited, while UE resolution can be handled by other schemes as discussed on UL transmission in inactive[4~7], direct small data transmitting without RRC message involvement is possible for inactive state
For example, as illustrated in figure 2, such procedure will significantly reduce signalling overhead and latency 
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Figure 2 paging reponse procedure for DL
1. Paging should carry the message indicating direct small data transmission in inactive other than state transition which will make difference on UE behaviors
2. UE receiving the paging could send UE ID on pre-configured contention based resources. E.g. grant free/ preamble+UE ID… UE ID used here should be valid at least in RAN based area
3. The gNB receiving could confirm the UE location upon the reception of UE ID, and then, if needed, fetch the UE context and schedule DL data transmission on a pre-configured receiving window along with UL grant for ACK. Latency can be further reduced by forwarding UE context along with paging message on Xn interface
4. Acknowledgement could be sent using UL grant received

Proposal2:  RRC messages could be not involved in DL small data transmission in RRC_INACTIVE state
If the UE position is known at cell level, e.g. CASE1 or RNA is single cell for CASE2 , direct DL transmission without paging could be considered. Since the UE is monitoring paging, one possibility is to schedule data transmission with unique UE ID directly during a UE paging occasion. UE ID may be S-TMSI/long UE ID valid in notification area or C-RNTI in INACTIVE state. If DL data is scheduled based on common RNTI and long UE ID is indicated in MAC CE then other INACTVE UEs receiving the data needs to further check long UE ID, it has more potential power consumption. If there is valid C_RNTI then C-RNTI is preferred which is similar as UMTS CELL_FACH.

Upon data reception, the UE need send feedback to RAN side. On what channel to carry this feedfack information is more relevant to RAN1, so it better to leave to RAN1 decision. The data transmission may include an indication whether the UE should continue monitor PDCCH for subsequent data reception or not. If the UE does not monitor PDCCH subsequently, the network has to wait until the next paging occasion to send data.
Proposal 3: Consider the support of direct transmission of small data in RRC_INACTIVE state without paging if UE position is known at cell level for both CASE1 and CASE 2
Proposal 4: Direct DL small data scheduling is preferred based on C-RNTI in RRC_INACTIVE if C-RNTI is valid.
As discussed in [3], using UL based mobility, the network has enough information so that, instead of paging the UE in one or multiple cell, a dedicated transmission to the UE is possible, even using beam forming, which greatly enhances transmission efficiency.  
For a UE with DL based mobility, i.e. cell reselection, the time interval since last interaction between the UE and the network could be taken into account. If interactions are frequent, e.g. when DL acknowledgement arrives soon after UL transmission, the network could assume that the UE is still camping on the same cell. DL data can be forwarded directly to this cell to be transmitted. If ACK is not received, then the network can forward the information to its neighbours or start paging. 
Observation 1: For DL data transmission, the network may assume that the UE is the location of the last UE-network data/signalling exchange 
3 Conclusion
In this contribution, we discuss open issues for DL small data transmission in RRC_INACTIVE state and have the following proposals and observations:
Proposal 1: If the UE position is not known at cell level, DL small data transmission occurs by RAN based paging, followed by direct scheduling of the data transmission after paging response. 
Proposal 2:  RRC messages could be not involved in DL small data transmission in RRC_INACTIVE state

Proposal 3: Consider the support of direct transmission of small data in RRC_INACTIVE state without paging if UE position is known at cell level for both CASE1 and CASE 2

Proposal 4: Direct DL small data scheduling is preferred based on C-RNTI in RRC_INACTIVE if C-RNTI is valid.
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