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1. Introduction
It was agreed in RAN1#87 that [1][2]
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency

· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance

· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:

· Option 1: Same RS

· …
· Option 2: Not same RS

· …
Considering the design that same RS in SS bursts is used for CONNECTED and IDLE RRM, both beam tracking and initial access would be relied on SS bursts. The periodicity of SS block set plays essential role on the performance of both beam tracking and initial access capability. A short periodicity intuitively enables better performance in the expense of increased overhead, and the other way around for a long periodicity setting. In this contribution, we present simulation results to show that SS block set periodicity can be designed to achieve the tradeoff between overhead and performance from the perspective of beam tracking
2. Evaluation Settings for Beam Tracking
Among others, reusing same signal for both CONNECTED and IDLE is sensible from resource overhead perspective. If for performance requirement reason, IDLE signal is not sufficient for CONNECTED, another set of similar signals can be configured to complement the IDLE signal. Based on current discussion, RSRP metric is one of options for lower layer, while it is also the usual metric for higher layer mobility. With RSRP, it is straightforward to combine the measurement from two signal sets with same beamforming configuration. In the following, we study what kind of signal periodicity is needed from beam tracking perspective.
2.1 Beam Sweeping Principles
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Figure 1: SS burst illustration

We assume multiple SS blocks are present in a SS burst. With multi-beam operation, we assume individual beams occupy individual SS blocks. RS used for beam quality measurement is carried in SS blocks. Figure 1 illustrates the described SS burst configuration. To enable beam tracking, SS blocks corresponding to different TRP TX beams need to be measured by different UE beams. For efficient beamformed channel measurement, we assume multiple OFDM symbols in a SS block. Thus, UE side symbol based sweeping can be performed.
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Figure 2: Illustration to SS block content and UE RX beam sweeping for beam tracking
In Figure 2, an example SS block content is illustrated, where DMRS for PBCH decoding is used for measurement. With 7 OFDM symbols per slot, it contains 4 symbols for beam training. Specifically, based on Figure 2, up to 4 UE RX beams can be used to measure the transmission from a fixed TRP beam. Depending on the assumed number of UE beams to be trained, a few SS bursts are needed for UE to assess the beamformed channel quality of all combinations of TX and RX beams. Based on the measured beamformed channel quality, a preferred beam pair can be determined and corresponding reporting can take place. For more details on the justification of the SS block design, please refer to our companion contribution [3].
2.2 Evaluation Method and Scenario

To assess the impact of tracking latency to performance, the selected serving beam pair is applied to calculate transmission SINR in the resources other than SS bursts before another beam pair is updated as new serving beam pair. It is noted that beam pair quality can only be measured during SS burst. Besides, we assume that target beams for beam tracking operation are those that are already recognized, and are known to UE.
For evaluation, 3D UMi-street canyon channel model [3] is used. Some selected calibration metrics for spatial consistency of the channel model are attached in Appendix. The evaluation scenario assumes hexagonal network with ISD=200 meters. UE are uniformly dropped within the NW. After cell association, beam tracking functionality are initiated for individual UE. For individual cells, we set transmission power to 33 dBm. We assume a transmission BW of 400 MHz and a SS block transmission BW of 80 MHz. This allows 5 times power boost for SS block transmission, and thus, better beam tracking performance. Figure 3 illustrates SS block power boosting concept. As shown in the figure, a transmission outside SS bursts assume equal power allocation among the whole bandwidth.
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Figure 3: SS block power boosting

In Table 1, simulation parameters are summarized. It is noted that we assume 3 different sets of SS burst periodicity in our simulation for comparison. The overhead of the simulation SS burst periodicity is ranged from 1.25% to 5%. The moving velocity of UE is assumed 30 Km/hr. We simulate a time period of several seconds so that serving beam pair update is needed during the period. Since UE may be more perceptive to self-rotation than movement, we also consider a case where UE rotates with respective to z-axis with a uniform angular speed of 180 degree/second.
Table 1: Simulation Parameters

	Parameters
	Value

	Carrier Frequency
	28 GHz (TDD)

	DL BW
	SS burst
	80 MHz

	
	Data Tx
	400 MHz

	DL TX Power
	33 dBm

	BS Antenna Gain
	6 dBi

	BS Array Gain
	9 dB (8 beams for sector coverage)

	UE Antenna Gain
	0 dBi

	UE Array Gain
	9 dB (8 beams for 360o coverage)

	UE Noise Figure
	13 dB

	SS Burst Periodicity (and corresp. overhead)
	10ms (5%), 20ms (2.5%), 40ms (1.25%)

	Number of training OFDM symbols in a SS block
	4 OFDM symbols

	Velocity
	30 Km/hour

	UE rotation
	0 degrees/seconds along z-axis

180 degrees/seconds along z-axis


3. Simulation Results
Figure 4 illustrates the obtained SINR distribution for data transmission by using a serving beam pair that is decided by beam tracking operation, when only UE mobility is considered. The results are compared against a benchmark case (circled line denoted as Opt. CB Track) where its serving beam pair is selected by using up-to-date beamformed channel quality of all combinations of NW TX and UE RX beams provided by genie. Different colours indicate different SS burst periodicities (solid line denoted as CB Track). It is observed that there is only marginal differences between curves with different SS burst periodicities, indicating that there is hardly any degradation by using a 40ms-periodicity compared to a 10ms-periodicity. Also, the gap between optimal curves and realistic curves is small, implying that denser channel sampling for beam tracking purpose cannot provide significant improvement compared to the current setting. 


[image: image4]
Figure 4: SINR distribution with beam tracking based on SS blocks.

Figure 5 shows the results when beam tracking is further subject to UE self-rotation of an angular speed 180 degree/second. Similar observations can be made as Figure 4. Compared to Figure 4, there is little performance degradation which indicates robustness of current SS burst periodicity setting with respective to UE self-rotation as well.
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Figure 5: SINR distribution with beam tracking based on SS blocks with 180 degrees/second UE self-rotation
Observation 1: Further reducing SS burst periodicity from 40ms does not provide meaningful improvement in beam tracking capability with 30 km/hr UE mobility and up to 180 degree/second UE self-rotation.
Proposal 1: NR should consider 40ms as SS burst periodicity.
4. Conclusion
In this contribution, we presented our analysis on SS burst periodicity from beam tracking capability perspective. We considered both UE mobility as well as UE self-rotation. Based on the simulation results, we have the following observations and proposals:
Observation 1: Further reducing SS burst periodicity from 40ms does not provide meaningful improvement in beam tracking capability with 30 km/hr UE mobility and up to 180 degree/second UE self-rotation.
Proposal 1: NR should consider 40ms as SS burst periodicity.
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6. Appendix

We show selected calibration results of channel model used for beam tracking performance evaluation in this contribution. The simulation assumptions are based on spatial consistency calibration environment provided in [3]. Specifically, CDF of coupling loss and cross-correlation coefficient of AoA for the third cluster between paired UEs are below in Figure 5 and Figure 6, respectively.
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Figure 6: CDF of coupling loss.
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Proposal 1: 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
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Figure 7: Cross-correlation coefficient of AoA for the third cluster between paired UEs.
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