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On-demand SSB in Inter-band CA for Connected UEs

* Intra-band CA with SSB-less carriers was supported in Rel-15 for FR1and FR2
* Inter-band CA with SSB-less carriers has been specified in Rel-18 for FR1 only
o Feasibility requirements make the feature applicable to limited scenarios

* Rel-19 should support on-demand SSB carriers for scenarios that inter-band CA with SSB-less
carriers is infeasible (e.g., FR1 with non-collocated cells and FR2).

o On-demand SSB is used for SCell time/frequency synchronization, L1/L3 measurement and SCell activation

 Proposal 1: Specify procedures and signaling method to support SCell operation with on-demand
SSB for connected mode UEs in inter-band CA[RAN1, RAN2, RAN3, RAN4].

> Note: On-demand SSB is used for SCell time/frequency synchronization, L1/L3 measurement and SCell
activation.
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SIB1 Transmission for Idle UEs (1/3)

« Two following options to enhance SIB1 transmission in non-anchor NES cell for idle/inactive UEs.

o Option 1 (on-demand SIB1): The non-anchor cell transmits on-demand SIB1 triggered by an uplink wake-
up signal using an existing signal/channel. The wake-up signal configuration is provided by the anchor cell.

o Option 2 (SIB1-less): An anchor cell transmits SIB1 of the non-anchor cell.
» R19 should only specify one option to enhance SIB1 transmission. Hence, we make the following proposal.

* Proposal 2: Specify procedures and signaling method to enhance SIB1 transmissionfora non-anchor NES
cellforidle/inactive UEs. RAN down-selects one of the following options forthe SIB1transmission in the non-
anchorcell.

o Option 1: The non-anchor celltransmits on-demand SIB1 triggered by an uplink wake-up signalusingan
existing signal/channel. The wake-up signal configurationis provided by the anchor cell.

o Option 2: An anchor celltransmits SIB1 ofthe non-anchor cell.

NES
Option SSB SIB1 RACH Medium Option SSB SIB1 RACH NES
Empty  Lowload ™, 4 1 Y  Ondemand Y 2.5%
1 Y Ondemand Y  104%  71%  2.0% 2 Y N Y 2.5%
2 Y N Y  152%  104%  2.9%

FRZ2, 100MHz BW, 120kHz SCS, 32 beams, 20ms SSB/RMSVRACH periodicity,

FR1,100MHz BW, 30kHz SCS, 8 beams, 64 TxRUs, Set 1 NW power model, SSB-RMSIMux pattern 3

20ms SSB, 160ms SIB1, 40ms RACH
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SIB1 Transmission for Idle UEs: On-demand SSB/SIB1 (2/3)
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""" 1= I
B: . | ‘ . I';SV? FR SSB SIB1 RACH NES
- i Y oD Y 10.4%

' SSBO I} SSB1 | SSB2 | SSB3 1
_____ e _ 1 o L___ FR1 o
SSB without PECH On-demand On-demand Y 22.1%
withou
— FR2 Y oD Y 2.5%
Always-on OD-SSB  OD-SIB1 On-demand On-demand Y 8.2%
SSB ¥ FR1:100MHz BW, 30kHz SCS, 8 beams, 64 TxRUs, Set 1 3GPP NW power
model, 40ms WUS/RACH, 160ms SIB1, empty cell
Non-anchor
cell FR2:100MHz BW, 120kHz SCS, 32 beams, 20ms SSB/RMSIRACH periodicity,
SSB-RMSI Mux pattern 3

» Supporting only on-demand SIB1 provides minimal NES for FR2 with SSB/SIB1 Mux patterns 2/3.
» NES is higher if on-demand SSB can be supported together with on-demand SIB1 transmission

o SSB without PBCH should be transmitted to support UE wake-up signal transmission.
* If on-demand SIB1 Txis in R19 scope, we propose having on-demand Tx for both SSB and SIB1.

* Proposal 3: Specify procedures and signaling method to support on-demand transmission for both SSB
and SIB1in a non-anchor NES cell foridle/inactive UEs [RAN1, RAN2, RAN3, RAN4].

- SSB/SIB1 transmission is triggered by an uplink wake-up signal using an existing signal/channel with
its configuration provided by an anchor cell.
- SSB without PBCH is transmitted in the non-anchor cell.
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SIB1 Transmission for Idle UEs: SSB/SIB1-less Operation (3/3)

FR SSB SIB1
Y N

FR1 N N
Y N
Y N

FR2 N N
N N

RACH

Y

Y

Y
On-demand

Y
On-demand

NES

15.2%
46.5%
2.5%
16.8%
16.5%
22.6%

FR1,100MHz BW, 30kHz SCS, 8 beams, 64 TxRUs, Set 1 3GPP NW
power model, 40ms WUS/RACH, 160ms SIB1, empty cell

FR2, 100MHz BW, 120kHz SCS, 32 beams, 20ms SSB/RMSVRACH
periodicity, SSB-RMSIMux pattern 3, on-demand RACH by NW coordination

« Supporting only SIB1-less operation provides minimal NES for FR2 with SSB/SIB1 Mux patterns 2/3.
o |f SIB1-lessoperationisin R19 scope, itis beneficial to support RACH enhancements for non-anchor NES cell.

* In addition, NES is higher if SSB-less can be supported together with SIB1-less operation. Therefore, if SIB1-
less operationisin R19 scope, we suggest having SSB-less operation in the scope as follows

* Proposal 4: Specify supportfor SSB/SIB1-less operationfor non-anchor NES cell for UEs in idle/inactive
mode. [RAN2,RAN1, RAN3, RAN4]

o UE measures SSB of an anchor carrierforaccess of the non-anchor NES carrier.
o UE can access from SIB1-less non-anchor NES cell, for which the SIB1 is carried on an anchorcell.

o Paging is transmitted on an anchorcell.

- Specify RACH enhancements fornon-anchor NES cell.
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Compact Beam-sweeping of Broadcast Channels

 Legacy patterns for beam-sweeping of SSB and RACH occasions are defined with some time
gap between consecutive beams to accommodate control and data scheduling.

o For RMSI (in multiplexing pattern 1), and depending on number of RMSI PDCCH/PDSCH symboils,

there also may be gaps.

* For no or low load scenarios, such time gaps may not be needed. More compact patterns with
less time gap would be more NW energy efficient.

 Proposal 5: Support compact beam-sweeping pattern for SSB, RACH occasions, and RMSI

'RAN1, RAN4].
Transmission ES % (w/ no UEs)
Scheme SSB SIB1 DRS RACH "Sff:tv C(L"statd

0 Y Y N Y Baseline 8.5%
il Y N/OD N Y 2.5% 10.9%
2 N/OD N/OD Y Y 8.2% 16.7%
3 N N/OD N Y 16.5% 22.6%
4 Y N N N/OD 16.8% 18.4%
5 N N Y N/OD 22.6% 25.1%

FR2,100MHz BW, 120kHz SCS, 32 beams, 1 TxRUs, 20ms SSB/RMSI/DRS/RACH periodicity, SSB-RMSI
multiplexing pattern 3. For compact bursts, zero gap is assumed.

1msl__‘rl I I | 5ms I |

|°|1|z|3|4|5\6|7_ Talelo e[ [a]= ([ [ ]

\ Legacy SSB pattern (for 120kHz SCS) |

0.25ms
NN EEEEEEEEEEEEEEEEEE

I !
| An example of compact SSB pattern with less gap |
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Further Cell DTX/DRX Enhancement

* R18 cell DTX/DRX does notachieve expected NES due to a limited list of physical channelsto be turned off during
non-active time

o Beneficial to furtheridentify PHY channels to be dropped during non-active time
* Furthermore, it is beneficial to supportcell DTX/DRXin mTRP deprioritizedin R18 due to lack oftime.
« Dynamic switching among multiple cell DT X/DRX configurations was actively discussedin R18. However,

o Performance analysiswas notprovided in R18 Sl

o Comparedto R18 DTX/DRX configuration, NES is expected to be negligible at high UE complexity/power.
» Supporting cell DTX/DRX for idle/inactive UEs makes significantimpactto UE operation

o Turning off SSB/SIB1 in cell DT X negatively impacts to UE cell search and idle mode operation.

o gNB can achieve cell DTX/DRXfor paging and PRACH by currentimplementation.

 Proposal 6: Specify furtherenhancements on cell DRX/DTXin RRC connected mode [RAN1, RAN3, RAN4]
> Furtheridentify physical channels to be turned off during non-active time of cell DTX/DRX
o Specify supportofcell DTX/DRXin mTRP
o Inter-node information e xchange of cell DTX/DRX configurations

» Proposal 7: R19does notinclude multiple cell DTX/DRX configurations for a cell. In particular, dynamic switching
among the cell DTX/DRX configurations is hot supported.

* Proposal 8: Cell DTX/DRX operation is not specified foridle/inactive UEs.
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Power Domain Enhancements

« PAPR reductiontechniques (D-2/3/4/5) increase the energy efficiency of the power amplifier

> The techniques provides methods to compensate the power amplifier's non-linearity

> The power consumption of the PA is reduced by reducing the power feed of the power amplifier. This introduce non-linearity from the
reduce backoff, but is compensated by the techniques, maintaining the performance (UPT, latency...)

 Digital Post Distortion (D-5) showed the highest performance gain (16.1%, Set3 FR2)
o PA efficiency is calculated per R1-2209996 and changing P,., is based on power feed

* DPoDtechnique description
o UE receiver is applying the post-distortion processing (e.g., non-linear equalization stage to “invert” the non-linearity)
o gNB transmits reference signals or information to aid the UE to perform post-distortion processing (semi static attributes)
o Can be combined with DPD on the gNB (optimized to reduce OOB emissions) while DPoD handles in-band distortion

________ - .

l : ,
.1‘(“) | B | }’{”) LNA SAW  Mixer Gm/C Filter  ADC Digital
o A HOEH o
| | Distortion

Conceptual flow - Non-linear Equalizer on receive side

* Proposal 9: Specify procedures and signaling to support UE post-distortion (i.e., technique D-5) [RAN1, RAN4].

Confidential and Proprietary — Qualcomm Technologies, Inc. and/ orits affiliated companies.



RANS3 specific enhancements

Paging enhancements

* In Rel-18, backhaul signaling over F1AP was specified to assist in paging certain UEs (e.g., stationary UES)
in RRC_INACTIVE i.e., gNB-DU informs gNB-CU on the last visited beams so that the gNB-CU can page the
UE(s) on a limited set of beams instead of the whole cell for subsequent paging, thereby saving energy.

» A few other items were deprioritized due to lack of time, and we propose to discuss them in Rel-19:
* Proposal 10: Specify backhaul signaling to supportthe following paging enhancements [RAN3]
- Beam-specific pagingfor UEsin RRC_IDLE

- Assistance to neighboring NG-RAN nodes for paging in specific cells/beams (e.g., for pseudo-stationary
UEs)

Enhancements to cell (de)activation
» Current specifications only allow the gNB-CU to initiate cell (de)activation.

* A gNB-DU might have better knowledge of the energy consumption of its served cells/beams and therefore
should be able to initiate/assist in cell (de)activation and we therefore propose the following:

* Proposal 11: Specify backhaul signaling to support gNB-DU assisted/initiated cell (de)activation in case of
split-gNB deployments [RAN3]
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