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1. Introduction
LTE Cell selection and reselection are agreed as a baseline for NR idle mode procedures, at the same time 5G/NR introduces new requirements to support ever larger diversity of services and mechanisms to support it such as NW slicing. With the rise of more and more new services, it is likely that some of the 5G UEs would also support multiple services, and each of those services may be supported by a different NW slice, while not all of the slices could be supported on a single cell

In this contribution we look into challenges that a multi service, sliced NW may pose on the cell reselection procedure, in particular on a case where a UE is camped on a cell that does not support an incoming new MO/MT call and while at the same time another suitable cell can support the required service. The contribution first explore the likelihood of such situation then analyse the current LTE base handling of such issue and finally propose a way forward to solve it 

2. Discussion

UE camped on a cell not supporting a required service

The 5G NW is required to support multiple services with varying QoS parameters and varying RAN and CN requirements. For that purpose, the 5G technology introduced the concept of NW slicing. A NW slice is a network created by the operator customized to provide an optimized solution for a specific market scenario which demands specific requirements with end to end scope [1]. In other words, the concept of slicing enables the 5G NW to realize multiple services within a single NW.

Although the NW as a whole may support a large amount of slices, not each RAN node must support all slices and there could be a situation where a cell cannot provide the required service to the UE. This situation could be envision e.g. if the UE is supporting multiple services (and registered on multiple slices) and not all of them are supported by a single cell. If a UE were to initiate a connection establishment on a cell that does not support the required service then the UE would have to be handed over or redirected to another cell before it could receive that service

The situation described above is not a theoretical one. As of RAN2 agreements and as specified in [2] a UE can be registered with up to 8 different allowed S-NSSAIs, and as 5G evolve to support ever more unique services and use cases, it is unlikely that all of the services could be always supported on the camped cell.

To better adjust the cell reselection to the required service, dedicated priorities can be configured as defined in [3]:

	Support for UE associating with multiple network slices simultaneously

-
In case a UE is associated with multiple slices simultaneously, only one signalling connection is maintained and for intra-frequency cell reselection, the UE always tries to camp on the best cell. For inter-frequency cell reselection, dedicated priorities can be used to control the frequency on which the UE camps.


But a gNB trying to optimize the frequencies prioritization configuration, even if it relies on the allowed NSSAI configuration, would have to take a tough decision – which of the registered slices to prioritize over the others, and the incoming service request may not always come for the highest priority service.

Indeed already today a NW could face such situation e.g. when an LTE frequency is prioritized over a mmWave NR frequency due to better coverage and lower ping pong probability but some of the services e.g. a URLLC service would be supported only on an NR frequency. 
Observation 1:
A UE may be camped on a cell which does not support an incoming service request (MO or MT), while the required service is supported on another suitable cell
Connection establishment on a cell not supporting the required service
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Figure 1: typical connection establishment with HO to another cell

Taking LTE behaviour as a baseline, and as described in figure 1, once a paging message arrives for a UE (or if a connection request arrives from a higher layer e.g. from the application layer), for a service which is not supported by the camped cell, the typical behavior would include the following steps:

1. UE performs CBRA procedure on the camped cell.
2. UE and NW negotiate secured connection establishment.

3. NW configures the UE with measurement configuration

4. UE sends a measurements report to the NW

5. UE is handed over to a cell supporting the required service
6. UE performs another RA to the new cell (hopefully CFRA)

7. Only then UE may receive the required service

This method is inefficient in terms of signaling overhead, latency, and UE power consumption. 

Observation 2:
assuming LTE as a baseline, when an UE is camped on a cell not supporting a required service the connection establishment procedure is inefficient in terms of signaling overhead, latency, and UE power consumption.
If, however the UE was aware of the fact that the required service is not supported on the camped cell it could have instead reselect to a supporting cell and establish a connection directly on that cell while optimizing power, consumption signaling overhead and latency till first user data is sent. In other words, in addition to a service aware cell reselection we can also consider service aware connection establishment

Proposal 1: 

RAN2 confirms that a UE may be camped on a cell not supporting a required service leading to an inefficient connection establishment procedure and intends to specify a solution for this issue
Service aware connection establishment
For the UE to perform service aware connection establishment, it should be first aware of the required service/slice. In addition the UE needs to figure out if the camped cell is able to support the required service or not and if not, which cell or frequency does support it. 
Indication of the required service/slice
For MO call, the UE is inherently aware of the requested service, for MT call, the UE is being paged to establish a connection and the paging message is the only opportunity to signal to the paged UE of the required service before a connection establishment on the “wrong” cell commences. 
Proposal 2: 

Paging message may indicate the required service/slice
The service indication overhead must be minimized since paging message is broadcasted in the entire TA. 
First, not all services needs to be signaled, there is no need to signal a service which is supported on the paging cell, and if an indication is included in the paging record, it should be as compact as possible. Taking into account the limitation on the 8 allowed S-NSSAIs per UE, the slice indication can be limited to 3 bit field.
The indication design should also take into account security aspects. In [4] & [5], SA2 & SA3 liaison about NSSAI Security. Since NSSAI includes explicit service description (via SST field and Slice Differentiator field), SA2 had a concern regarding security/privacy breach if this information is sent over a non-secured channel. 

In SA3 response [5], SA3 confirms SA2 concerns:

SA3 discussed the LS and agrees that the security threats identified in their LS are valid and must be mitigated.

 … Including such information in non-confidentiality protected NAS messages compromises the privacy as information about the slicies that are being used by the UE/user is leaked. 

…  Therefore, at least for the slices that require privacy, these information shall not be sent without confidentiality protection.

And propose:

… and not include the NSSAI related information in unprotected RRC messages.  

… The UE temporary identifier needs to be constructed such that it does not reveal any privacy sensitive slice specific information.

We believe that 3 bit index, sent over the paging record, cannot reveal NSSAI related information since the registration procedure done beforehand was done over a secured NAS messages. Nevertheless, this or any other solution should be confirmed with SA3

Proposal 3: 

Service/Slice indication is a 3 bit field corresponding with 8 possible allowed S-NSSAIs

Proposal 4: 

Service indication design should be confirmed with SA3
Redirection information
Once the required service information is known to the UE, it needs to know if the required service is supported by the camped cell or by other cells/frequencies and then it may reselect to a supporting cell and establish a new connection.  

For MT call the indication of the required service may already implicitly indicate that the required service is not supported by the paging cell and only additional information on supporting cells/frequencies for the initiated service is required. However, to support similar connection establishment procedure for MO call, a full supported service list may need to be provided by each cell.
The supported services for neighboring cells / frequencies could be broadcasted in SI of the paging cell or in SI of the neighboring cells. It could be also attached to the paging record though the overhead seems to be too large in this case.
Proposal 5: 
RAN2 to discuss if and how redirection information is provided
3. Conclusion 
In this contribution we have explored a situation where a UE is camped on cell not supporting an incoming service request and made the following observations and proposals:

Observation 1:
A UE may be camped on a cell which does not support an incoming service request (MO or MT), while the required service is supported on another suitable cell
Observation 2:
assuming LTE as a baseline, when an UE is camped on a cell not supporting a required service the connection establishment procedure is inefficient in terms of signaling overhead, latency, and UE power consumption.
Proposal 1: 

RAN2 confirms that a UE may be camped on a cell not supporting a required service leading to an inefficient connection establishment procedure and intends to specify a solution for this issue
Proposal 2: 

Paging message may indicate the required service/slice
Proposal 3: 

Service/Slice indication is a 3 bit field corresponding with 8 possible allowed S-NSSAIs

Proposal 4: 

Service indication design should be confirmed with SA3

Proposal 5: 
RAN2 to discuss if and how redirection information is provided
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