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Introduction
According to the agreement in RANP#90e, the CE WID is focused on enhancements of the physical UL channels. The reason for this is that the targeted UL data-rate was set relatively high and consequently, the physical UL channels become bottlenecks. While this makes good sense, it fails to address more basic issues related to initial channel access. In fact, if a sub-optimal beam-pair is selected by a UE, the induced performance loss may cancel the gains provided, e.g., by UL coverage enhancement measures, hence, a comparison between the physical channels will not reveal the SSB as a bottleneck for cell coverage.
Observation 1: A comparison between different physical channels will not reveal limitations in the channel selection process.
Based our initial evaluations [1], there is great potential for enhancements in exploiting polarization properties of SSBs, which was also captured in the TR of CE [2] (in 6.3.6):
By sounding a channel with dual polarized SSBs in particular for FR2, a UE will in about 30 % of the cases select a superior beam pair, compared to if single polarized SSBs are used. UE awareness of paired orthogonally polarized SSBs has been studied. Potential specification impacts of dual polarized SSBs with the same spatial filter setting include mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communication of paired SSB indices associated with the same spatial filtering and different polarizations, to the UE.

Dual polarized SSB transmissions are already supported by the NR standard but it is up to BS implementation and transparent to UEs. However, to harvest the full potential of dual polarized SSBs, a UE needs to be made aware of their presence. 
Observation 1: The use of dual polarized SSBs is up to implementation. A UE can therefore not make any assumptions on the polarization properties.
In FR2, up to 64 SSBs can be configured. However, in practical implementations CSI-RS based beam refinement is often used and, therefore, the number of SSB beams is typically significantly smaller.
This document considers the following aspects related to coverage enhancement for initial access:
SSB enhancement potential


[bookmark: _Hlk47386123]SLS results for SSB enhancement
SLS have been performed where we strived to align the setup according to [2], further detailed in appendix. 1000 UEs have been dropped and, for each UE, the up to 5 strongest dual polarized beam-pairs, strength measured as the sum power of both polarization components, between the UE and any gNB were identified for further examination. From each such beam-pair, two SSBs, one for each polarization, were transmitted. The SSB waveforms received by the UE were then used for selecting the strongest of the beam pairs. Five cases have been studied: 
1. Ideal beam pair selection based on the strongest dual polarized channel.
2. Ideal beam pair selection based on the strongest single polarized channel.
3. Single polarized SSB transmissions-based beam selection.
4. Dual polarized SSB transmissions-based beam selection, UE aware of paired SSBs.
5. Dual polarized SSB transmissions-based beam selection, UE unaware of paired SSBs. 
UE awareness means that the UE is aware of paired SSB indices associated with the same spatial filtering.
[bookmark: _Hlk61417696]Figure 1 shows the difference in obtained MPL gain for 3 scenarios derived from the 5 cases above, which we explain next. The ideal curve (magenta) shows the potential advantage of using dual polarized sounding. The curve is the difference between case 1 and 2 above and shows that the systematic error when using single polarized SSBs, which causes the UE to select a non-optimal beam pair in 27% of the scenarios, with an associated loss on the average MPL gain of 1.2 dB.
Observation 2: Single polarized SSBs yields a systematic error in the selection of the best beam in 27% of the time.
If the UE is not aware, there is still a net MPL gain (case 5 - case 4, i.e. for legacy UEs),. In 17% of the scenarios the MPL gain is on the average 1.4 dB, while in 4.3% of the scenarios there is a loss of on the average 0.6 dB.
Observation 3: Also, for un-aware UEs there is a net MPL gain when employing dual polarized SSBs.
The blue curve is the difference between case 5 and case 3 and shows how much of the potential MPL gain that can be harvested when the beam selection is based on SSB waveforms representing both polarizations are fed through the channels. The result is similar to that of the ideal case with on the average 1.2 dB MPL gain in 25% of the scenarios. 
Observation 4: Dual polarized SSBs and UE awareness harvest most of the potential MPL gain.
Proposal 1: Association between orthogonally polarized SSBs would significantly improve MPL. Further studies should be conducted.
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Figure 1.


Figure 2 shows the EVM of the decoded PBCH for the selected beams for the cases 3 to 5. 
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Figure 2.
[bookmark: _GoBack]Figure 3 shows the MPL distribution for cases 1, 3, 4, and 5. The result shows that the generated channels are evenly distributed over a 50 dB range.
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Figure 3.

Implementation Aspects
Different methods to introduce associated SSBs will have different complexity (impact on the spec) and requires different number of resources. Table 1 below lists 3 possible approaches:
Table 1. Possible approaches to implement enhancements for dual-polarized SSB transmissions.
	Method
	Association
	Cost
	Specification impact

	1. Introduce additional orthogonally polarized SSBs.
	Implicit (e.g. beam ID >nbr of beams/2, even/odd beam ID etc.)
	Additional SSB resources
	low

	2. Every n:th SSB burst is orthogonally polarized
	Implicit (e.g. last SSB count)
	Time and resources (depending on n)
	low

	3. Orthogonal signal integrated in SSB
	Implicit
	Negligible
	high



The introduction of additional SSBs will naturally require more resources, for a given number of transmit spatial filters. For FR2, up to 64 SSBs can be configured while typically significantly less than half of that is configured. Further study on the net gain of resource overhead vs. MPL gain on a system level is needed.
Introduction of orthogonally polarized SSBs in time domain (i.e. every n:th SSB burst is orthogonally polarized) would enable a UE to select the best beam candidates for further dual polarized evaluation without too much excess delay. Further study on optimal n would be needed and possible influence on legacy UEs. This concept would be an approach to lower the overhead compared to method 1.
Integration of orthogonally polarized resources into the current SSBs would have a larger impact on the specification. A backwards compatible approach would be to e.g. integrate an orthogonally polarized, cyclically delayed PSS and/or SSS signal. This would show up as an additional delay tap to a legacy UE. Further study on system impact as the effective CP is reduced would be needed.
Proposal 2: Further study of best approach to introduce dual polarized SSBs.  

[bookmark: _Hlk47387515]Conclusions
This document has considered coverage enhancement issues related to initial access channels for NR FR2 operation. The following proposals are made:
Proposal 1: Association between orthogonally polarized SSBs would significantly improve MPL. Further studies should be conducted.
Proposal 2: Further study on best approach to introduce dual polarized SSBs.  
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Appendix
The simulation setup is shown in Figure 4. It consists of 19 cell-sites with an ISD of 200 m, and each having 3 TRPs, i.e., covering 3 cells.

	Channel
	UMa (20% indoor), CDL-A/CDL-D(NLOS/LOS).

	ISD
	200 m

	BS antennas
	(1,1,16,8,2), 16 x 8, dual polarized antennas, 127 dual polarized beams.

	Number of TxRUs for BS
	2
Note: Analog beamforming is assumed, one TxRU for each polarization.

	SCS
	120kHz

	SSB beams
	For simulation purpose we assume that an SSB can be associated with each beam.

	BS height
	25 m

	UE antennas
	(1,2,1,4,2), 2 panels facing orthogonal directions, 1 x 4 dual polarized elements, 7 spatial filtrs/panel (14 dual polarized beams)
The radiation patterns of the beams have been extracted from electromagnetic simulations of a practical phone structure with form factor 150mm x 70mm at 28 GHz.

	UE Rx chains
	2 chains to enable dual polarized reception (xT2R)

	UE velocity
	3 km/h

	UE height
	1.5 m

	Periodicity
	20ms

	Performance metric
	Combination of 1 SSBs in 20ms.
Note: UE is not assumed to know the SS/PBCH block index



1000 UEs are randomly dropped in the inner 3 cell tiers (Figure 4) and L1-RSRP for all beam pairs is measured, all UE beams toward all TRP beams are evaluated based on the CDL channel model.
To validate the benefits of knowing the polarization relationships of beam sweeping, we conducted simulations of performance gain using the UMa with CDL-A for NLOS and CDL-D for LOS channel profiles defined in [3]. The gains are significant and easily facilitated and therefore we find them to be of interest. In particular the gains are of interest for the CE WI.
1. The channels for all beam-pairs of a UE and the closest 4 BSs are examined, which gives a total of beam-pairs.
2. For each UE, based on L1-RSRP of the channels, the 5 strongest beam-pairs out of the 1778 beam-pairs from all nearby BS, using the pre-configured receive beams, are selected. A full SSB waveform is transmitted over the 5 channels.
3. The UE identifies the strongest beam-pair based on SSB measurements (i.e. power of PSS, SSS, or SSS+DMRS giving very similar results). 3 scenarios are evaluated: 
a. Single polarized SSBs
b. Dual polarized SSBs, UE unaware of polarization associated SSBs
c. Dual polarized SSBs, UE aware of polarization associated SSBs
4. The SSB is demodulated and the EVM of the PBCH is estimated for each scenario.
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Figure 4.


image1.png
0.9
0.8
0.7
0.6

Zos
0.4
03
0.2

0.1

CDFs showing difference in obtained MPL gain for single vs.
dualpolarized SSBs, for 1000 dual polarized UEs and SSSwDMRS

Ideal: avg gain of 1.2dB in 27%
L SSB based, aware UE: avg gain of 1.2dB in 25% , avg loss of -0.19dB in 0.65%
SSB based unaware UE: avg gain of 1.4dB in 17% , avg loss of -0.63dB in 4.3%
I 1 1 1 1
-2 -1 0 1 2 3 4

MPL gain [dB]




image2.png
0.8

CDFs of EVM of the PBCH for SSB based sounding for various
schemes based on 1000 UEs and SSSWDMRS

0.4
0.2 Dual pol SSB Aware UE
Dual pol SSB, Unaware UE
Single pol SSB
0 | | | | I I I ]
0 10 20 30 40 50 60 70

EVM %rms

80




image3.png
0.8

CDFs showing absolute obtained MPL for 1000 UEs,
all scemes. Based on SSSWDMRS

ideal: ref
Aware

Unaware
Single pol

0.2

-100 -90 -80 -70 -60 -50
MPL gain [dB]





image4.png
Y [m]

System with 1000 UEs dropped in 19 cells with ISD 200 m

400

300

200

100

0

-100

-200

-300

-400

-500

500




