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Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
From the network side, network slicing solutions are being considered. The purpose is to provide a flexible system that supports various use cases with differing set of requirements. The solutions will allow operator(s) to provide dedicated logical networks with customer specific functionalities. Under such a system, one of the requirements on network operation is to enable a UE to simultaneously access multiple slices [2].

In RAN1 [3] using different sets of numerology and frame structures for different service verticals is being considered. As such, NR radio interface can be modelled with a sliced structure where each slice consists of a combination of PHY resource component (with a particular set of L1 numerologies) and configuration of L2 functionalities [4]. The resources in sliced structure would be dynamically shared, and NR radio interface needs mechanisms to maximise RAN resource utilisation.
This contribution discusses some of the required changes in NR access design when more than one slices are supported at UE and the network. 

Discussion
Figure 1 below depicts a typical NR system where both network node (e.g. cell) and UE may support traffic for a multiple number of services: the network facilitates this by supporting multiple slices while UE supports one or more slices. Traffic for a particular service is transmitted from the network to the UE (and vice versa) on a slice whose L1/L2 configuration may be configured to best meet the requirements of that service. In such a system, a given network node may not be configured to support all the slices supported by the UE (e.g. a UE that supports slices A and B may be in a coverage of a cell that supports only slice A).


Figure 1. Scenarios for NR system supporting multiple slices

Cell (Re-)selection in Idle Mode
The potential mismatch between the slices supported at UE and slices supported in NR network entity may have impact on the way UE selects a cell to camp on. Three different ways can be considered: 

Option 1. Common selection operation
In this approach, UE performs cell search and selection on a specially configured ‘common’ slice (e.g. shared periodic synchronisation signal transmitted among service-specific slices) in a service/slice-agnostic way. Alternatively, the UE chooses or is instructed to use a particular service-specific slice (e.g. eMBB slice) as a default one to use. This approach would be resource efficient for the network and UE since one set of time-frequency resource and power is used. However, it also implies that shared signals on the shared or default slice needs to be designed in such a way that UEs of the lowest radio capability (e.g. mMTC) are able to detect the shared signal. 

UEs may obtain information on supported service-specific slices at each cell through system information [5]. If the selected cell does not support the slice that UE is interested in, UE can trigger subsequent cell selection/reselection to find to a cell that does. In addition, if UE supports multiple slices, it may prefer to select a cell that supports all the supported slices at UE.

Option 2. Independent/separate selection procedure per slice
Contrary to the first option, UE performs cell selection based on signals transmitted in a specific slice that it is interested in. In this case, time/frequency resource of the signals required for cell selection/reselection needs to be predefined for each slice. The UE implicitly finds out which cells support a slice that UE is interested in.

If UE supports more than one type of slices, UE may choose to perform independent cell selection procedure for each of the supported slices at UE. Detailed procedures for the case when the UE selects different cells for its supported slices need to be studied further. Alternatively, UE may perform cell selection on a particular slice of UE or network choice. This may be similar to choosing a default slice as mentioned above.

Option 3. Partially shared procedure
This may be regarded as a hybrid of the two options above.
Among all the services that are supported in NR, some of the services are allowed to have a shared definition of slice configuration (e.g. synchronisation signal location in downlink channel), separately from the rest of the slices in NR. A relevant example may be separation of mMTC vs. eMBB/URLLC. The considerations on UE behaviour described above may apply here i.e. UE may perform cell selection/reselection based on a shared or default slice for eMBB/URLLC while it selects/reselects cells supporting mMTC using signals transmitted within the mMTC slice.

Table below summarises the pros and cons of common slice and slice-specific operations.
	
	Pros
	Cons

	Common/default slice operation
	+ More resource efficient for network and UE
	– Need to design based on the lowest-capability UEs or;

	Slice-specific operation
	+ Can optimise/differentiate to service(s)
+ Can search just the relevant cells and slices
	- Less resource efficient





System Information (SI) Acquisition and Update
Essential SI with common contents
MIB and essential SI may contain cell-specific contents and do not need to be transmitted on a per-slice basis. Such essential SI can be scheduled and transmitted on a common or a default slice, in a similar fashion to the option 1 of Section 2.1 above. The common SI contents may contain which slices are supported at the cell, as well as access configuration of all the supported slices at the cell. If there is not the common or default slice, the MIB and essential SI can be transmitted in each slice.

Slice-specific SI
Any slice-specific SI (for example, detailed resource configuration or access control information for the slice) can otherwise be transmitted on slice-specific channels independently. The SI can be broadcast by the network or transmitted in an on-demand fashion to the UE.
Since these are slice-specific SI, they may be updated independently from one another. Accordingly, network may notify SI update separately e.g. using slice-specific value tag.

Procedures related to Access from Idle 
UE in idle mode needs to monitor paging channel and receive paging message in the downlink, and perform uplink access (RACH) when necessary.
Option 1. Common or default slice operation
This is obviously the simplest way but it is not necessarily optimised to support the various usage scenarios of NR. Since the network will use a particular slice to send paging when MT-data arrives, it will need to notify UE(s) on which slice the paging message is being scheduled and transmitted. 
As control and data channels would need to be designed for low capacity UE such as mMTC devices, latency requirements for URLLC and capacity requirements for eMBB may not be satisfied with this design, therefore some way of enabling the UE to monitor a slice-specific region may be required. 

Option 2. Perform paging and RACH independently per slice
Paging from the network may be configured in a slice-specific manner. UE monitors paging channel on each of the slices configured at the UE, and when it is paged, makes random access attempt using a slice-specific configuration. (i.e. random access resources may be configured separately for each slice).
One disadvantage of this approach, though, is that the UE having to spend its power on monitoring paging for each of the slices that are supported at the UE.

Observation 1.	L2/L3 design needs to consider idle mode operation of UEs supporting multiple services/slices.

Scheduling 
When a UE supports more than one slice, it can happen that multiple UL packets for different slices are scheduled at the same subframe. Depending on physical layer design and the UE capability in NR, the UE can or cannot transmit them simultaneously. This issue also affects MAC procedures so that should be considered carefully with respect to complexity and performance. The recent RAN1 study on latency reduction techniques for LTE tackles the same issue – some agreements on which are captured below [6]:
A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH.
· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition.
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH.
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s).
· Dropping/prioritization rules (if any) are FFS.

Observation 2.	The scheduling procedure that can support the coexistence of multiple services/slices at eNB and UE should be developed. Further study on whether one UE can use multiple services/slices simultaneously is required.
For more detailed examples on MAC aspects of supporting multiple slices, the reader is directed to another contribution [7] from the sourcing company.

Proposal. 	Discuss and consider procedures in both idle and connected modes (e.g. cell selection, SI, procedures related to access from idle, and scheduling), for UEs supporting single or multiple slices.

Conclusion
In this contribution the following observations and proposals are put forward:
Observation 1. 	L2/L3 design needs to consider idle mode operation of UEs supporting multiple services/slices.
Observation 2.	The scheduling procedure that can support the coexistence of multiple services/slices at eNB and UE should be developed. Further study on whether one UE can use multiple services/slices simultaneously is required.
Proposal. 	Discuss and consider procedures in both idle and connected modes (e.g. cell selection, SI, procedures related to access from idle, and scheduling), for UEs supporting single or multiple slices.
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