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1. Introduction
In RAN2#113-e meeting, the configuration of TRS/CSI-RS for idle mode UEs was initially discussed, and the following agreements were made:
	On signalling providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s):

· SIB signalling is the baseline;

· Other dedicated high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) can be additionally considered with justification. It is assumed they do not work alone.

RAN2 will down select from the following options on SIB signalling providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s):

· Option 2: Existing SIB, other than SIB1;

· Option 3: New SIB type, e.g. SIB-x;


And in RAN2#115-e meeting, the following agreements have been made:

	· The TRS/CSI-RS configuration is provided in a new SIB.

· RAN2 assumes that TRS/CSI-RS configurations are broadcasted. Potential addition of dedicated signalling can be discussed in a later meeting based on company contributions.

· The legacy SI update procedure is used for changing TRS/CSI-RS configurations.

· Postpone the topic about TRS/CSI-RS availability until a later meeting when RAN1 also has progressed.

· On demand SI should be possible for the SIB with TRS/CSI-RS information.

· Postpone the discussion on segmentation of the new SIB until RAN1 has sent the list of the parameters and a potential structure.

· Postpone the discussion on splitting the TRS/CSI-RS information to a common and RS-specific part until RAN1 has sent the list of the parameters and a potential structure.


In RAN2#116-e meeting, RAN2 has achieved the following agreements:

	· The scope of the new SIB-X is configurable (either cell or area scope) based on NW implementation.

· RAN2 to wait for additional RAN1 feedback, before finalizing aspects on SIB-X sizing, segmentation etc.

· RAN2 to wait for further RAN1 input on whether TRS/CSI-RS configuration can be split as common and TRS specific part.

· The new SIB-X can be made on demand, and it is up to NW configuration. 

· There are no UE side impacts due to any additional NW side restriction on on-demand SIB-X.

· IDLE/INACTIVE UEs do NOT have to report any feedback on its TRS/CSI-RS resource usage.

· RAN2 assumes to support current RAN1 working agreement of L1 based signalling for TRS/CSI-RS availability indication. FFS whether it should be possible to enable / disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling.

· R2 assumes that additional TRS/CSI-RS configuration by dedicated signalling is not supported. Can revisit e.g. based on R1 provided info if needed. 

· Postpone further discussion on TRS/CSI-RS applicability for eDRX UEs. Can consider later




This contribution will continue to discuss the remaining issues on the configuration of idle/inactive TRS/CSI-RS, the structure of the new SIB including TRS/CSI-RS configuration and TRS/CSI-RS availability.
2. Discussion

2.1 SIB design for idle/inactive TRS configuration 
In the previous meeting, we have postponed the discussion on segmentation of the new SIB and on whether TRS/CSI-RS configuration can be split as common and TRS specific part. In this meeting, we would like to provide some analysis on these issues based on RAN1’s agreements [annex A].
Based on the agreements and consolidated higher layers parameter list for Rel-17 NR [6], we could give a draft ASN.1 for idle/inactive TRS configurations. The highlighted parts are not determinate for now, e.g. RAN1 hasn’t reached a consensus on whether the scramblingID is per TRS resource set or per TRS resource. If the scramblingID is per TRS resource set, then the TRS/CSI-RS information only has common part and without dedicated part.
TRS-ResourceSetConfig::= SEQUENCE (SIZE (1..64)) OF TRS-ResourceSet 
TRS-ResourceSet::=   SEQUENCE {

TRS-ResourceSetId                      TRS-ResourceSetId,
frequencyDomainAllocation               INTEGER (0..3),
numofslot                                                         ENUMERATED {1,2},
   startingRB                             INTEGER (0..274),

   nrofRBs                                INTEGER (24..276),

periodicityAndOffset                   IDLETRS-ResourcePeriodicityAndOffset,   
firstOFDMSymbolInTimeDomain            INTEGER (0..9),   

powerControlOffsetSS                   ENUMERATED {-3dB, 0dB, 3dB, 6dB},
ssb-index                              INTEGER (0..63),   
indBitID                               INTEGER (0..5),  
scramblingID                           SEQUENCE (SIZE (1..4)) OF ScramblingId
}

TRS-ResourceSetId::=               INTEGER (0..64-1)

ScramblingId ::=                   INTEGER(0..1023)
IDLETRS-ResourcePeriodicityAndOffset ::=    CHOICE {

    slots10                            INTEGER (0..9),   -- CondSCS15KHZ 

    slots20                            INTEGER (0..19),  -- CondSCS15or30KHZ 

    slots40                            INTEGER (0..39),  -- CondSCS15or30or60KHZ 

    slots80                            INTEGER (0..79),  -- CondSCS15or30or60or120KHZ

    slots160                           INTEGER (0..159), -- CondSCS30or60or120or240KHZ

    slots320                           INTEGER (0..319), -- CondSCS60or120or240KHZ

    slots640                           INTEGER (0..639), -- CondSCS120or240KHZ

}

Based on the draft ASN.1 above, the number of bits for TRS resource configuration are given in the following table:
Table 1   Number of bits for TRS configuration
	Parameters 
	Number of bits required 

	TRS-ResourceSetId
	6

	frequencyDomainAllocation
	2

	numofslot   
	1

	startingRB
	9

	nrofRBs
	9

	periodicityAndOffset
	13

	firstOFDMSymbolInTimeDomain    
	4

	powerControlOffsetSS  
	2

	ssb-index   
	6

	indBitID
	3

	scramblingID
	10 bits if it is per TRS resource set;

10*4=40 bits if it is per TRS resource.

	Size in total
	65 bits if the scramblingID is per TRS resource set;
95 bits if it is per TRS resource.


It can be observed that the TRS occasion configuration takes at least 65 bits if the scramblingID is per TRS resource set, otherwise it takes 95 bits. Considering RAN1 has agreed the maximum number of TRS resource sets configured by higher layer is 64, then the maximum number of bits the TRS occasion configuration requires are 65*64=4160 bits or 95*64=6080 bits. Considering the maximum SI message size is 2976 bits, the segmentation is needed from RAN2 point of view. 
Proposal 1: Segmentation of the new SIB is needed.
Proposal 2: If scramblingID is per TRS resource set, then the TRS information only has common part. If scramblingID is per TRS resource, then the TRS information can be split common part and dedicated part.
2.2 Availability of TRS in idle/inactive mode
2.2.1 Enable/disable the TRS/CSI-RS L1 based availability mechanism 
RAN1 has agreed to support at least L1 based signaling for the availability indication of TRS at the configured occasion to idle/inactive UEs. Detaily, support paging PDCCH based availability indication and PEI based availability indication.
Besides, RAN2 has agreed to FFS whether it should be possible to enable/disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling. However, in RAN1 #106bits-e meeting, the following working assumption has been made:

	Working Assumption

If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 


Assuming the working assumption is confirmed, then when the new SIB-X contains idle/inactive TRS configuration(s), it implicitly indicated that the L1 based availability indication is always enabled, i.e. when UE receives the SIB-X which contains the configuration, it will always receive the following L1 availability to judge whether or not monitor the TRS occasions.  We think the above mechanism to enable L1 based availability indication can work well, and RAN2 should keep in line with RAN1, hence we prefer not to introduce another explicit bit in SIB to enable the L1 based availability. 
Proposal 3: If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.
2.2.2 SIB based signalling for availability information
Besides, SIB based signalling for availability information has been discussed in RAN1#106 bits-e meeting but no consensus yet, as below [3]:

	Conclusion

No consensus to support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs


And there is no further progress in the RAN1#107e meeting. In our view, SIB based signaling for availability information can be achieved by legacy SI update procedure. When the new SIB-X contains idle/inactive TRS configuration(s), it means idle/inactive TRS is always valid and the supporting UEs may monitor the corresponding TRS occasions. If the network wants to disable the validity of idle/inactive TRS configuration, it could send paging to notify SI change, when UEs receives the updated SIB-X in which the idle/inactive TRS configuration is absent, it won’t monitor the idle/inactive TRS occasions. 

Proposal 4:  The legacy SI update procedure can be reused if SIB based availability is supported.

In case that both L1 based availability and SIB based availability are supported by the network since UE can’t distinguish which availability mechanism is applied in the cell if there is no extra indication information, then idle/inactive UE’s behaviour on whether monitoring the TRS occasion is ambiguous. 
Proposal 5: FFS how to monitor the TRS occasion when both L1 based availability and SIB based availability are supported.

2.2.3 Dedicated signalling for the availability
In RAN2#116e meeting, it has been agreed that R2 assumes that additional TRS/CSI-RS configuration by dedicated signalling is not supported. However, in our understanding, there is a high probability that the UE uses the same TRS configurations with connected mode at the initial time of entering RRC_IDLE or RRC_INACTIVE state, hence using the RRC release message to indicate whether the UE continues to use the configuration in connected mode is beneficial. 
On the other hand, if there is only L1 based availability when UE enters RRC_IDLE or RRC_INACTIVE, the network has to page the UE before transmitting the availability information, which brings additional load, hence using the RRC release message to configure the availability information can also help.
Proposal 6: Potential options on dedicated signalling based availability are taken into account: 
Option 1: RRCRelease message configures the availability information.

Option 2: RRCRelease message indicates the availability of the TRS configurations in connected mode.
2.3 TRS impact on PEI-O location
RAN1 has agreed that the determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O. When idle/inactive TRS is not available, the offset could be configured close to SSB for power saving, Figure 1 shows a suitable offset of PEI-O. 

[image: image1.emf]PEI-F_offset1&2

PEI

MO

PEI-frame

PO

PO PO PO1

PO2 PO3 PO4

MO

PEI

MO

...

PEI-O1

firstPDCCH-

MonitoringOccasionOfPEI-O1

PF

SSB SSB

...

PEI

MO

PEI

MO

...

PEI-O2

firstPDCCH-MonitoringOccasionOfPEI-O1

SSB


Figure 1: An illustration for PEI-O location determination.

However, when TRS is available, UE may skip SSB monitoring and only monitor TRS for paging, if the offset is not updated, i.e. the PEI-O location is still close to SSB, then UE may have to wake up earlier even if the TRS is close to PO, which is not power-efficient. 
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Figure 2: An illustration for PEI-O location determination when TRS is available

Hence, we have the following proposal:

Proposal 7: RAN2 to discuss whether TRS availability impacts the PEI-O location. 
3. Conclusion

In this paper, we discuss the mechanism for idle/inactive mode UEs to supporting TRS/CSI-RS from RAN2 perspective. Based on the discussion, we have the following observations and proposals:
Proposal 1: Segmentation of the new SIB is needed.
Proposal 2: If scramblingID is per TRS resource set, then the TRS information only has common part. If scramblingID is per TRS resource, then the TRS information can be split common part and dedicated part.
Proposal 3: If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.

Proposal 4:  The legacy SI update procedure can be reused if SIB based availability is supported.

Proposal 5: FFS how to monitor the TRS occasion when both L1 based availability and SIB based availability are supported.
Proposal 6: Potential options on dedicated signalling based availability are taken into account: 

Option 1: RRCRelease message configures the availability information.

Option 2: RRCRelease message indicates the availability of the TRS configurations in connected mode.
Proposal 7: RAN2 to discuss whether TRS is available will impact the PEI-O location. 
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5. Annex A: RAN1 agreement

	Agreement in RAN1#104-e meeting [2]
Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:

· powerControlOffsetSS,

· scramblingID

· firstOFDMSymbolInTimeDomain,

· startingRB.

· nrofRBs,

· FFS other parameters
· FFS applicable values

Agreement in RAN1#105-e meeting [3]
Support applicable values for the following configuration parameters as below.

· powerControlOffsetSS: {-3, 0, 3, 6} dB

· scramblingID: 0 to 1023

· firstOFDMSymbolInTimeDomain: 0 to 9 

· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4

· startingRB: 0 to 274

· nrofRBs: 24 to 276

Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
· periodicityAndOffset {10, 20, 40, 80} ms
· frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB

· FFS Configuration index

· details, 

· E.g. Per resource or resource set or group of resource sets

· E.g. explicit or implicit indication based on QCL source 

Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration

· FFS: QCL type, which is predetermined
Agreement in RAN1#106bis-e meeting [4]
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
  a QCL reference
  firstOFDMSymbolInTimeDomain,
  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
  FFS
        scramblingID,
        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.
Agreement in RAN1#107-e meeting [5]
For the maximum number of TRS resource sets configured by higher layer, X,

•
X=64

•
FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
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