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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.


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 Dedicated signalling of idle/ inactive TRS Configuration 
In last meeting, we have agreed to use the new SIB to provide the idle/inactive TRS/CSI-RS configuration, however, companies have different views on whether the dedicated high-layer signalling can be additionally utilized. The opponent argued that dedicated configuration will be obsolete after a cell change, and it will bring paging overload, e.g when the Network wants to change the configuration provided by dedicated signalling, and it causes additional complexity [1].
However, per our understanding, the new SIB will include TRS resources for all UEs in the cell, which resource is the most optimal should be determined by UE according to the availability information and other information, and it may consume some time and power for a UE to find the most optimal TRS resource. And there is a high probability that UE uses the same TRS configurations with connected mode at the initial time of entering RRC_IDLE or RRC_INACTIVE, e.g. the UE is fixed and not reselect to a different cell when entering RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED. Thus, dedicated signalling shall be used to provide the optimal TRS configurations to UE, which avoids the consumption of searching the optimal TRS resources. It can be UE implementation whether using the configurations in dedicated signalling. 

As the proposed problem that paging may be needed for the change of configurations in dedicated signalling, we don’t think the configuration will change, in our view, the dedicated signalling will only provide the optimal configurations to UE, the configuration is optimal only in the time that Network determines to release/suspend the UE, and when UE finished the state transition, the Network won’t know what is the optimal configuration for the UE.
Proposal 1: TRS/CSI-RS configuration for idle/inactive UEs could be additionally provided in RRC release/suspend message when leaving from connected mode. Details could be further discussed.
2.2 SIB design for idle/inactive TRS configuration 
In the last meeting, we have agreements on how to design the SIB of idle/inactive TRS configuration, i.e, whether the new SIB needs segmentation, and whether split the TRS/CSI-RS information to a common and RS-specific part. We have checked RAN1’s agreements carefully and think we can discuss it now.
The RAN1’s agreements of configuration of TRS occasion(s) are as follows:

	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.



Taking account of that only TRS will be shared to idle/inactive mode, and TRS resources in the NZP-CSI-RS resource set has the same periodic, bandwidth and subcarrier location, the TRS set(s) for idle/inactive TRS should be introduced, and the TRS set in RRC_IDLE and RRC_INACTIVE should have the following features:

feature 1. Same number of resources with RRC_CONNECTED, i.e., two or four resources will be included in a TRS set. Then the ID of the TRS sets will be 0 to 31 considering there is at most 64 NZP-CSI-RS resources in a cell, and 5 bits are required. For 2 resources in a set, one frequencyDomainAllocation will be needed while for 4 resources in a set, two frequencyDomainAllocation will be needed since only the resources in a slot can be derived from each other. Then 8 bits is required.
feature 2. The TRS resources in a set are configured with the same bandwidth and subcarrier location, i.e., the frequencyDomianAllocation and startingRB, nrofRBs will be common. Considering frequencyDomianAllocation has the applicable values from {0, 1, 2, 3}, 4 bits will be needed; startingRB is from 0 to 274 and nrofRBs is from 24 to 276, each requires 9 bits. Hence, 22 bits will be used in this common part.
feature 3. The periodic and offset of resources in a set are same. Regarding the periodicityAndOffset, it is a duration in milliseconds in the agreement, i.e., {10, 20, 40, 80}ms, however, we think using slot as legacy way is more suitable, the draft ASN.1 is as follows. Then 13 bits will be needed, among these, 3 bits for periodic and 10 bits for offset.
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
}
feature 4. Same powerControlOffsetSS value across all resources in the set. According to agreement, powerControlOffsetSS is {-3, 0, 3, 6} dB, then 2bits is need.

Regarding the QCL information, since RAN1 has not determined whether it is per RS resource set or per configuration, we assume it is per RS resource considering the case that requires more bits. 
Based on the agreements and analysis above, we can give a draft ASN.1 for idle/inactive TRS configurations.
IdleTRS-ResourceSet::=   SEQUENCE {

IdleTRS-ResourceSetId                  IdleTRS-ResourceSetId,
frequencyDomainAllocation              BIT STRING (SIZE (4)),

   startingRB                             INTEGER (0..274),

   nrofRBs                                INTEGER (24..276),

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

firstOFDMSymbolInTimeDomain            INTEGER (0..9)     -- Cond fourRs-inset 
    powerControlOffsetSS                ENUMERATED {-3dB, 0dB, 3dB, 6dB},
}

IdleTRS-Resource ::=             SEQUENCE {

IdleTRS-ResourceId                  IdleTRS-ResourceId,
scramblingID                        ScramblingId,

qcl-InfoPeriodicIDLETRS-RS1         INTEGER (0..63)   
    ...

}
IdleTRS-ResourceSetId::=           INTEGER (0..32-1)

IdleTRS-ResourceId ::=             INTEGER (0..64-1)
ScramblingId ::=                   INTEGER(0..1023)

Based on the analysis in the common part, it takes 50 bis for 4 resources in a set, i.e 5+22+13+8 +2bits and 46 bits for 2 resources in a set, i.e 5+22+13+4 +2bits for the common part; and for the RS specific part, we think IdleTRS-ResourceId is from 0 to 63, 6 bits are required, ScramblingId requires 10 bits and qcl-InfoPeriodicIDLETRS-RS1 needs 6 bits, then 22 bits are needed for RS specific part. 
When all the TRS resource sets consist of 2 resources, the number of required bits is the largest. In this case, 32*[22*2+46] =2880 bits will be needed for the configurations of idle/inactive TRS. And considering that the maximum SI message size is 2976 bits, even in the worst case, the configurations of idle/inactive TRS won’t beyond the maximum SI message size, hence the segmentation is not needed.

Proposal 2: Segmentation of the new SIB is not needed.
Proposal 3: Introducing the idle/inactive TRS set to split the TRS/CSI-RS information to a common and RS-specific part.
2.3 Availability of TRS/CSI-RS in idle/inactive mode
According to RAN1’s agreements, RAN1 is discussing that using paging PDCCH based L1 availability indication and/or PEI based L1 availability indication, and for L1 based availability indication, the bitmap will be used.
From our perspective, paging PDCCH is a good choice. In current design for paging DCI, there are several reserved bits, which are highlighted in the following table:
Table 1. DCI format of paging PDCCH
	DCI field
	Number of bits

	Short message indicator
	2

	Short Messages 
	8, 5 bits reserved (*Note)

	Frequency domain resource assignment
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	Time domain resource assignment
	4

	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	5

	TB scaling
	2

	Reserved bits
	6

	*Note: In short message, the first bit is used to indicate system information modification, and the second bit is used to indicate ETWS and/or CMAS. The 4th – 8th bits are reserved.


As shown in the above table, there are 11 bits available in paging DCI. Hence the availability of TRS/CSI-RS could be indicated by the reserved bits in paging DCI for idle/inactive UEs. The network can flexibly switch on/off the TRS/CSI-RS resources configured by SIB through paging DCI. Note that, the reserved bits in paging DCI are ignored by legacy UEs, so that there is no impact on legacy UEs.

As for PEI, it may not be suitable since some UEs supporting idle/inactive TRS may not support PEI. Besides, RAN1 is discussing using PEI to carry the subgroups, then there may be not enough space in PEI for the availability indication. Anyway, it is RAN’s responsibility to determine whether the PEI can be used for availability indication of idle/inactive TRS.
Besides, using SIB based signalling for availability information is still being discussed in RAN1, however, there is no conclusion in RAN1, as below [3]:

	Conclusion

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


We don’t expect that the availability indication in SIB if the availability changes frequently, anyway, it’s up to RAN1 to decide the conditions that supporting SIB based signaling for availability information of TRS/CSI-RS occasions. 
Proposal 4: Availability of TRS/CSI-RS in idle/inactive mode could be indicated in paging PDCCH PDCCH. 
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: TRS/CSI-RS configuration for idle/inactive UEs could be additionally provided in RRC release/suspend message when leaving from connected mode. Details could be further discussed.
Proposal 2: Segmentation of the new SIB is not needed.
Proposal 3: Introducing the idle/inactive TRS set to split the TRS/CSI-RS information to a common and RS-specific part.
Proposal 4: Availability of TRS/CSI-RS in idle/inactive mode could be indicated in paging PDCCH PDCCH. 
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