3GPP TSG RAN WG1 Meeting #98bis	R1-1911408
Chongqing, China, October 14 – 20, 2019

Agenda Item:	7.2.3.1
Source:	Huawei, HiSilicon
[bookmark: OLE_LINK1]Title:	Summary of 7.2.3.1 Extensions of SSBs for inter-IAB-node discovery and measurements
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution provides a summary of section 7.2.3.1 Extension of SSBs for inter-IAB-node discovery and measurement based on the contributions submitted to RAN1 #98bis [1-10]. The key remaining issues are listed and some potential agreements are proposed.
[bookmark: _Ref129681832][bookmark: _GoBack]Discussion
Inter-IAB-node discovery and measurement have been discussed for several meetings and the agreements are summarized in the Appendix. Some of the remaining issues based on the contributions from different companies are listed below
· Collision resolution between STC and SMTC
· Issue 1-1: Whether overlapping of STC and SMTC is allowed
· Issue 1-2: Priority handling between STC and SMTC
· Issue 1-3: SSB muting patterns
· Other enhancements 
· Issue 2-1: Enhancement to measurement procedures
· Issue 2-2: Rate matching enhancement to Rel-16 UEs
· Issue 2-3: SMTC configurations in RRC_IDLE state
Collision resolution between STC and SMTC
Issue 1-1: Whether overlapping of STC and SMTC is allowed
The overlapping between STC and SMTC can be avoided by proper configurations, i.e. periodicity, offset etc. Several companies [2][3][8] point out that the existing STC (up to 4) and SMTC (up to 4) can already support  IAB nodes for discovery and measurement. It was mentioned in [1][10] that the main benefit by allowing the overlapping of STC and SMTC is signaling overhead reduction. As an example, one STC with a smaller periodicity can be configured instead of three STC with a larger periodicity [1]. If the benefit of signaling overhead reduction could justify specification effort, one can further discuss whether a priority rule needs to be defined in case of collision between STC and SMTC. 
In summary, there are three options
· Option 1: The IAB node does not expect STC and SMTC will be overlapped in time
· Option 2: The overlapping of STC and SMTC is allowed and a priority rule is defined
· Option 3: The overlapping of STC and SMTC is allowed and a priority rule is not defined
Regarding option 3, it was pointed out [1] that if the priority of SSB TX and SSB RX is left to the IAB node implementation, the IAB node may either transmit SSB or receive SSB, and the donor CU has no idea of IAB node decisions. Therefore, it is impossible to coordinate the SSB transmission and reception among multiple IAB nodes. As an example, an IAB node may choose to always prioritize STC hence cannot discover other IAB nodes if the neighboring IAB nodes are transmitting SSBs at the same time. 
Proposed offline agreement 1: For inter-IAB node discovery and measurement, to down-select
· Option 1: The IAB node does not expect STC and SMTC will be overlapped in time
· Option 2: The overlapping of STC and SMTC is allowed and a priority rule is defined
Issue 1-2: Priority handling between STC and SMTC
Regarding the priority rule between STC and SMTC, the following options are proposed
· Alt 1: SMTC have higher priority over STC
· Support: Huawei, ZTE
· Alt 2: STC should always have higher priority than SMTC
· Support: Samsung 
· Alt 3: For collision between SMTC and STC, the one with longer periodicity is prioritized
· Support: LG
· Alt 4: The priority between SMTC and STC is configurable
· Support: vivo, DCM (second preference), Ericsson
There is no clear majority view and one possible compromise is Alt.4, since it allows for all possibilities.
Proposed offline agreement 2: The priority between SMTC and STC is configurable, 
· If the SSBs is configured with an attribute as “muted”, SSBs will be muted in case of collision of between STC and SMTC
· If the SSBs is configured with attribute as “not-muted”, SSBs will be not muted in case of collision of between STC and SMTC
Issue 1-3: SSB muting patterns
It was proposed in [9] the donor-CU can be informed about the muting pattern at the IAB-DU. It was argued that for the donor-CU, the access to the actual muting pattern can significantly simplify the coordination of SSB measurement configuration among the managed IAB nodes. Hence it was proposed that an IAB-DU should be provided one or multiple muting patterns by the CU. 
The SSB muting pattern was discussed before but latter it was realized that the SSB Tx/Rx pattern can be constructed based on multiple STCs and multiple SMTCs. There will be some limitation that some irregular SSB Tx/Rx pattern cannot be generated. However, when the number of STC and SMTC configurations was discussed, 4 was agreed since it was consensus that the number of SSB Tx/Rx patterns is sufficient.
Proposed offline agreement 3: No explicit SSB muting pattern is specified for IAB node discovery and measurement.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Other enhancements
Issue 2-1: Enhancement to measurement procedures
In [7], the motivation of introducing new measurement procedures is provided as follows
“Since IAB nodes have fixed location, full sweep of all beams are not necessary in RRM measurement. Only a limit set of specific beams can be required. However, to obtain which beams are necessary, some procedure for discovery with full sweep of all beams can be adopted. For this purpose, it would be sufficient to use semi persistent or aperiodic transmission and measurement, not periodic. Those procedure can be triggered by a donor upon a certain set of conditions (e.g., joining a new IAB node).”
The proposed enhancement to measurement procedure is beneficial to assist the inter-IAB node discovery and measurement. However, further details should be provided and the specification effort needs to be analyzed. 
Offline discussion: Discuss whether new measurement procedure is needed and the detailed specification impact.
Issue 2-2: Rate matching enhancement to Rel-16 UEs
In [2], one possible enhancement to PDSCH rate matching for Rel-16 UEs is discussed. It was mentioned that Rel-15 RE-level rate matching pattern is not sufficient to cover all possible SSB transmissions especially when the IAB node DU is configured with 4 STCs. 
Multiple off-raster SSB transmissions are already possible in NR Rel-15. PDSCH rate matching around multiple SSBs was discussed before but not specified in Rel-15. The main argument at that time is that the RE-level rate matching pattern is sufficient. However, the detailed rate matching pattern was actually not agreed yet when this issue was discussed. Therefore, the analysis in [2] is true to some extent. On the other hand, it is questionable the scheduling restriction and potential spectral efficiency loss mentioned in [2] is significant especially when the SSB transmission periodicity is large. 
Offline discussion: Discuss whether any enhancement on PDSCH rate matching to Rel-16 UEs is needed.
Issue 2-3: SMTC configurations in RRC_IDLE state
In [6], it was proposed that an IAB node MT in RRC_IDLE state can be configured with more than one SMTC. The following aspects can be discussed
· Whether an IAB node MT has similar RRC_IDLE state as a UE
· Whether an IAB node MT will stay in RRC_IDLE state for a long time
· Why a single SMTC is not sufficient for cell (re)selection considering that IAB node DU is most likely not activated
Offline discussion: Discuss whether there is a need to support more than one SMTC for IAB node MT in in RRC_IDLE state.
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Appendix: RAN1 agreements
	RAN1 AH1901
	Agreements:
· SSB transmission configuration information (i.e. the necessary information for the DU to determine when to transmit SSB) and SSB reception configuration information (i.e. the necessary information for the MT to determine when to search for SSB) for IAB inter-node measurements are determined in a centralized manner, i.e. not locally by the IAB node.
· An IAB node is provided with configuration of SSB transmission and reception information for IAB inter-node measurements.
· FFS details 

	RAN1#96
	Agreements:
· The SSBs for IAB inter-node discovery and measurements are defined with a framework using the characteristics of the Rel 15 SMTC framework with the following enhancements: 
· The maximum number of SMTC windows that can be configured for an IAB node, referred as max( NRX ), is at least 3
· FFS whether max( NRX ) needs to be greater than 3
· FFS whether or not to extend existing SMTC window configuration
· Each SMTC window is provided its own independent configuration (e.g. periodicity, offset, duration)
· Introduction of SSB transmission configurations (STC) indicating SSB transmission(s)
· FFS details
· FFS how to resolve potential collision between SMTC and STC

	RAN1#96bis
	Agreements:
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements
Agreements:
For IAB node discovery and measurements, at least the following information should be provided in STC
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit 
· The SSBs to be transmitted in the half frame
· FFS configuration information other than above
· FFS some of the parameters can have default values, e.g. reuse the same value of the cell-defining SSBs.
· Note: The detailed signaling design is up to RAN3.
Agreements:
For IAB node discovery and measurements, an IAB node DU can be configured with zero, one or multiple STCs.
· FFS the maximum number of STCs
· FFS the dependency of multiple STCs
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.

	RAN1#97
	Agreements:
All parameters in STC for inter-IAB-node discovery and measurement are provided explicitly, i.e. the default values for the parameters in STC will not be discussed further in RAN1.
Agreements:
The configurable values of the parameters in STC for IAB node discovery and measurement are provided in the following
· SSB center frequency: 
· ARFCN-ValueNR
· SSB subcarrier spacing: 
· FR1: 15khz, 30khz
· FR2: 120khz, 240khz
· SSB transmission periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms (agreed in RAN1 #96bis) 
· SSB transmission timing offset in half frame(s)
· [0, … , (number of half frames within SSB transmission periodicity) – 1]
· The index of SSBs to transmit (the SSBs to be transmitted in the half frame)
· Same as Rel-15
· FFS additional parameter(s) other than above
Agreements:
For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4.
· Note: this number does not include the cell-defining SSBs for initial access
Agreements:
Each STC is independently configured when multiple STCs are configured.
· Up to RAN3 to decide that if SSB index is common across two or more STC configurations, whether additional signalling optimization is necessary or not
Agreements:
The configurable values of the parameters in the SSB reception configurations including SMTC for IAB node discovery and measurement are provided in the following
· SMTC window periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms
· SMTC window timing offset: 
· [0, ..., (number of subframes within SMTC window periodicity) – 1]
· SMTC window duration: 
· [1, …, 5] (subframes)
· FFS larger than 5
· List of physical cell IDs to be measured
· [cell ID 0, …, cell ID M-1 ]
· FFS value of M
· SSB-ToMeasure 
· Same as Rel-15

	RAN1#98
	Agreements:
For IAB node discovery and measurements, the Physical cell-ID (0…1007) is provided in STC and the detailed signaling design is up to RAN3.
Agreements:
For IAB node discovery and measurement
· The maximum SMTC window duration is 5ms.
· The maximum number of PCIs per SMTC (maxNrofPCIsPerSMTC) is 64.



