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1 Introduction

RAN#71 in March approved a 5G SID [1], whose initial aspect for RAN2 is to study/agree on the radio protocol architecture and procedures. 
This contribution attempts to identify several fundamental issues to be considered in the IDLE mode design of the 5G RAT.
2 Rationale 
2.1 Different use cases

5G will support a variety of use cases i.e. mMTC, eMBB or URLLC. These use cases require a drastically different technical performance in terms of latency, data rate, massive connectivity, low power consumption and so on [2] as shown in Table 1.
	
	eMBB
	URLLC
	mMTC

	Data Rate
	Very high
(e.g. peak rate 10 Gbps)
	Not much considered
	Not much considered

	Latency
	Low
	Very Low
(e.g. 1 ms end-to-end)
	Not much considered

	Mobility
	0km/h to 500km/h
	Not much considered
	Not much considered

	Reliability
	Not much considered
	Very High
(e.g. Packet loss rate: as low as 1e-04)
	Not much considered

	Power Consumption
	Not much considered
	Not much considered
	Very Low

	Connection Density
	High

(e.g. 200-2500 UEs/km2)
	High
(e.g. 10k sensor /10km2)
	Very High
(e.g.1M connections/ km2)


Table 1. Performance requirements of 5G services, i.e. eMBB, URLL and mMTC 
According to 3GPP TR 23.799[3], numerous issues are being discussed for the architecture of next generation system. Some of these issues could influence idle mode operation. 

Two examples:

· mMTC devices are expected to be quite stationary according to table 1. As a result, it should be possible to minimise the idle mode mobility functions of the stationary IoT devices for low power consumption. 
· URLLC UE’s will have a very low latency requirement as shown in Table 1. As a result, URLLC UEs may benefit from very limited IDLE mode reselection interruptions / minimal IDLE->CONN transition time. Alternatively, URLLC UE’s could always be kept in CONN for extremely low latency. 
Observation 1: 
IDLE mode design should consider requirements from new use cases.
2.2 RRC states
Currently, there is an ongoing discussion with respect to introducing a new RRC state in Rel 14 [4]. Introduction of this type of new state might result in a situation where some UE’s may continuously be kept in CONN instead of IDLE, which can give significant impact to the network architecture and might remove some requirements from the IDLE state. For example, we need to think about whether we continue with an MME based registration or redesigning towards an eNB based registration. No detailed discussion has taken place on these aspects so far.

At first we probably need to consider how RRC states would be used in 5G. Different options could be considered e.g.:
1) Continue to only work with IDLE and CONN states
2) Introduce a new additional RRC state in addition to IDLE and CONN

· Operator may decide when to use the new state for any use case
3) Introduce a new RRC state for specific use cases, replacing the current IDLE mode for these use cases

· I.e. for these use cases, the IDLE state would no longer be used
4) …
Depending on how we design the total set of RRC states / relation with use cases, the requirements for the IDLE mode state may vary.
Observation 2: 
IDLE mode design should consider total set of NR RRC states and their relation with different use cases. 
2.3 Camping in higher frequencies (> 6GHz)
If we look at the specified IDLE mode behaviour for legacy 3GPP systems, the baseline assumption is that there is one reference signal (RS) transmitted in the whole cell coverage area which can be used for determining cell quality (see figure 1). 


[image: image1.emf]
Figure 1: RS coverage in pre-5G systems
The UE can measure on the RS from the current cell and a potential target cell, and perform some kind of signal strength comparison as specified for e.g. 3G/4G for taking a cell reselection decision. 

Camping in 5G, especially in higher frequency deployments, changes this situation in two ways:

1) The potential existence of multiple separated TRP’s in a cell

2) The aspect of beam forming also for coverage signaling like RS and system information

The first aspect is related to the decreasing importance of the cell and the increased importance of a TRP. I.e. a cell can consist of many TRP’s which together provide service in the cell coverage area. 

The second aspect is related to the fact that in higher frequencies, with analog beamforming, a TRP may have to perform multiple transmissions to cover the complete TRP coverage area for signals like RS and System Information.

Both aspects are shown in figure 2.
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Figure 2. Considerations of beam domain and TRP in 5G systems
Figure 2 shows the example where cell 1 has a single TRP and cell 2 has 2 TRPs. Furthermore, it describes how one TRP may use many separate beam transmissions to fully cover the TRP coverage area. Note that with analogue beamforming, our assumption is that the TRP may not transmit all these beams at the same time. I.e. the RS in different beams may (partly) be transmitted at different points in time, and possibly also using different frequency resources (FFS RAN1).
We assume that the 5G UE in IDLE should in principle camp on the best beam. However the network may prefer the UE to favour intra-cell beam mobility (or staying on the current beam) above inter-cell beam mobility. The network should be able to control this preference e.g. based on a Qhyst like we have in 4G.
It remains to be studied how the UE can determine the quality of each cell. E.g. the UE may see different beams and during one TTT different beams of a cell may be the strongest. It remains to be discussed how L1/L3 filtering should operate in this case.
Since it is clear that w.r.t. cell quality determination further study is required, we like to propose: 

Proposal 1:
In the 5G system, the UE camps on the best beam and thus implicitly on the cell the best beam belongs to.

Proposal 2:
Cell level reselection hysteresis may be configured by the network (conform Qhyst in 4G). This will make the UE favour beam mobility to beams of the current cell rather than to beams of a different cell. 
3 Conclusion

Based on the above study, RAN2 is requested to discuss and if possible agree on the following proposals:

Observation 1: 
IDLE mode design should consider requirements from new use cases.
Observation 2: 
IDLE mode design should consider total set of NR RRC states and their relation with different use cases. 

Proposal 1:
In the 5G system, the UE camps on the best beam and thus implicitly on the cell the best beam belongs to.

Proposal 2:
Cell level reselection hysteresis may be configured by the network (conform Qhyst in 4G). This will make the UE favour beam mobility to beams of the current cell rather than to beams of a different cell. 
A text proposal related to proposals 1 & 2 can be found in Annex A.
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10. Mobility

10.1. IDLE

· In IDLE, the UE camps on the best beam and thus implicitly on the cell the best beam belongs to. Cell level reselection hysteresis may be configured by the network (conform Qhyst in 4G).
10.2. CONNECTED
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