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1. Introduction

In RAN1# 86b meeting, RAN1 discussed DL measurement for L3 mobility for both IDLE and CONNECTED. Following agreements are made [1]:

	Agreements:
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement

· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)

· Option 2: RS for demodulating broadcast channel

· Option 3: RS for mobility

· FFS if and how to associate the cell ID with this RS

· FFS this RS is for multi-beam and/or single-beam

· Option 4: Any combinations of above

· Other options are not precluded

· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

Agreements:
· For L3 mobility based on DL measurement in CONNECTED mode UE:

· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement

· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement

· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)

· Option 2: RS for mobility

· FFS how to associate it with beam-ID and/or Cell-ID

· Option 3: RS for demodulating broadcast channel

· Option 4: A combination of option 1 and 2

· Other options are not precluded


Furthermore, RAN2 sent an LS asking for RAN2 to clarify the following [2]:

	· What are the RAN1 assumptions on whether the signals (e.g. reference and/or synchronisation signals) supporting idle or connected mode operations are transmitted in the same manner or not such as in terms of beamforming configuration (e.g. single beam, multi-beam)?"


This contribution focuses on idle mode operation and discusses the importance of multi-beam operation as well as TRP beam visibility to UE.

2. Necessity of IDLE Mode Multi-beam Operation

We calculate link budget here for Urban Macro deployment scenarios. Parameters and propagation model are updated by the ones with consensus. Specifically, the parameters used in the analysis are based on the assumptions in [3]. The propagation model is based on 3GPP above 6GHz channel model [7], where Non-Line-of-Sight (NLoS) outdoor condition is assumed. The results are summarized in Table 1
Two different values for system bandwidth are used in the analysis. While the predominant consensus on the bandwidth for evaluation is between 100 MHz to 200 MHz, it is specified in [3] that the bandwidth support can be potentially up to 1 GHz. We also believe that in the future, bandwidth higher than 200MHz is likely. We assume small array gain for both TRP and UE with the intention to consider situations similar to initial access or idle mode, where high array gain beamforming is less likely due to beam training overhead. With moderate array gain, a minimum requirement for supporting e.g., PBCH, is attempted to be achieved.
Table 1: Link budget analysis

	
	Urban Macro

	ISD [m]
	500

	Cell size [m], d_2D
	288.68

	Frequency [GHz]
	30

	BW [MHz]
	200
	1000

	PL loss model
	UMa NLoS

	PL loss [dB]
	139.29

	Fade margin [dB]
	6

	TRP Tx power [dBm]
	43

	TRP element gain [dBi]
	8

	TRP array gain
	8
	8

	UE noise figure [dB]
	13

	UE element gain [dBi]
	5

	UE array gain
	4
	4

	DL SNR (before beamforming)
	-11.30
	-18.29

	DL SNR (after beamforming)
	3.75
	-3.24


Referring to LTE PBCH design, the lowest SNR for supporting PBCH demodulation with specified performance requirement is -6.4dB [4]. From Table 1, DL SNR without beamforming is -11.3 dB and -18.29 dB for 200 MHz and 1 GHz bandwidth, respectively. The SNR value has include both TRP and UE antenna element gain. Apparently, such SNR value is not enough to support reliable PBCH demodulation. 

On the other hand, with moderate beamforming gain, DL SNR can be improved to sustain reliable PBCH demodulation. In our analysis, DL SNR can reach 3.75 dB and -3.24 dB for 200 MHz and 1 GHz bandwidth, respectively, conditioned on an aggregated array gain of 15 dB from BS and UE.

Observation 1: Reliable PBCH demodulation cannot be supported in 30 GHz frequency band, without beamforming support.

Observation 2: With moderate beamforming gain, link budget analysis shows that reliable PBCH demodulation can be sustained in 30GHz frequency band.

Figure 1 shows the SINR distribution for Urban Macro scenario from system level simulation. The simulation is mainly based on Urban Macro evaluation assumptions in [3] with a few differences. In this simulation, both TX and RX side has only 1 panel, and the total array gain is about 20dB. All UEs in this simulation are outdoor UEs. For UEs without beamforming, about 34% UEs cannot fulfil the requirement for PBCH demodulation, i.e. -6.4dB. On the other hand, with beamforming capability, only about 3% of UEs are not able to reach the requirement of PBCH demodulation.

Observation 3: System level simulation result provides similar observations as link budget analysis that with moderate beamforming gain, reliable PBCH demodulation can be supported in 30GHz frequency band.
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Figure 1 SINR distribution for UMa 30GHz
Without beamforming gain, an alternative approach for introducing additional macro-diversity gain is Single Frequency Network (SFN) operation. Based on [5], an mmWave setting can potentially provide ~4 dB macro-diversity gain by SFN deployment. Unfortunately, the gain is not enough to close the link budget gap for proper PBCH operation. It should be noted that performing UE beamforming in SFN deployment does not contribute to additive gain. While all surrounding paths from potentially different TRPs are to be harvested for diversity gain in SFN environment, UE beamforming works by simply imposing array gain on a subset of transmission paths. The operation principle of UE beamforming would by nature hurt perceivable macro-diversity gain.

Observation 4: Macro-diversity gain provided via SFN operation is not enough to close link budget gap for proper PBCH demodulation.

Observation 5: Performing UE beamforming in SFN environment does not guarantee a sustainable UE array gain on top of macro-diversity gain.

Proposal 1: Multi-beam operation is considered as baseline for NR above-6GHz.
3. Beam Visibility for IDLE Mode Multi-beam Operation

From RRM perspective, it is preferred to have consistent cell evaluation criteria for idle model cell re-selection and connected mode mobility management. This way, unnecessary handover after UE state transition can be avoided, as detailed in our companion contribution [6]. Toward this end, both RS used for RRM purpose and its delivery means needs to be unified. That is to say, same RS should be used for both idle and connected mode, and their transmissions should be based on same beamforming characteristics. 

Observation 6: The same RRM criteria should be adopted for UE in idle mode and connected mode. This means both RSs used for RRM and its delivery means should be unified.
If UE has no visibility on TRP beams, cell-specific RSs’ are used. From UE perspective, DL RSs gains macro-diversity gain due to SFN operation. However, in UL RACH transmission, such diversity gain is not available, which introduces DL/UL imbalance. It has negative implication to RACH msg1 transmission efficiency. Further, if TRP beams are to associate different RACH resources with individual broadcast channels, there would be no macro-diversity gain for broadcast channel. This means that the channel observed for RSs and for broadcast/data channel is actually different, which causes problem for decoding. Since there is beam visibility in connected mode, lacking beam visibility in idle mode also implies that idle mode cell evaluation criteria would be different from that of connected mode. 

Observation 7: Without TRP beam visibility at UE side, UE experiences imbalanced DL/UL channel. This causes imperfect selection of RACH resources for accessing the network.
If beam visibility is assured for UE in idle mode, similar as in connected mode, it is possible to reuse the idle mode reference signal for e.g., mobility management. One obvious benefit is that the additionally configured RS for periodic beam sweeping, for beam management purpose, can be less frequent. It is noted that such reuse is not possible if beam visibility at UE is not provided.

Observation 8: TRP beam visibility at UE provides the possibility to reuse idle mode reference signal for connected mode mobility measurement

Proposal 2: TRP beam visibility should be provided to UE in idle mode
4. Conclusion

In summary, based on the above discussion we have the following observations and proposals for the idle mode operation in above 6GHz:

Observation 1: Reliable PBCH demodulation cannot be supported in 30 GHz frequency band, without beamforming support.

Observation 2: With moderate beamforming gain, link budget analysis shows that reliable PBCH demodulation can be sustained in 30GHz frequency band.

Observation 3: System level simulation result provides similar observations as link budget analysis that with moderate beamforming gain, reliable PBCH demodulation can be supported in 30GHz frequency band.

Observation 4: Macro-diversity gain provided via SFN operation is not enough to close link budget gap for proper PBCH demodulation.

Observation 5: Performing UE beamforming in SFN environment does not guarantee a sustainable UE array gain on top of macro-diversity gain.

Proposal 1: Multi-beam operation is considered as baseline for NR above-6GHz
Observation 6: The same RRM criteria should be adopted for UE in idle mode and connected mode. This means both RSs used for RRM and its delivery means should be unified.

Observation 7: Without TRP beam visibility at UE side, UE experiences imbalanced DL/UL channel. This causes imperfect selection of RACH resources for accessing the network.

Observation 8: TRP beam visibility at UE provides the possibility to reuse idle mode reference signal for connected mode mobility measurement.
Proposal 2: TRP beam visibility should be provided to UE in idle mode
5. References

[1] Draft Report of 3GPP TSG RAN WG1 #86bisbis v0.1.0
[2] R2-167313, “LS on RAN2 agreements for NR DL-based mobility and Cell definition.”

[3] R1-168547, “NR evaluation assumption.”
[4] 3GPP TS 36.101, “Evolved Universal Terrestrial Radio Access; User Equipment radio transmission and reception.”
[5] P. Frenger, M. Olsson, and E. Eriksson, "A Clean Slate Radio Network Designed for Maximum Energy Performance," in IEEE International Symposium on Personal, Indoor and Mobile Radio Communications, 2014.
[6] R2-168115, “NR Cell in IDLE and CONNECTED,” MediaTek.
[7] 3GPP TR 38.900, “Channel model for frequency spectrum above 6 GHz.”
