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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK20][bookmark: OLE_LINK21]In RAN#88e meeting, a revised work item[1] on UE power saving has been approved to address outstanding issues of idle/inactive-mode power consumption in NR SA deployments, considering both eMBB UEs and Reduced Capability NR Devices. An object of the WID is to specify means to share TRS/CSI-RS transmitted for connected UEs to idle/inactive-mode UEs.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]In RAN1 #104-e, several agreements were obtained regarding TRS/CSI-RS occasions configuration for idle/inactive UEs[2] and in this contribution, further analyses are discussed.
Discussions
On availability indication
It is agreed that explicit indication will be used to indicate the availability of TRS/CSI-RS for IDLE/Inactive UE.
	Agreements:
[bookmark: OLE_LINK22][bookmark: OLE_LINK28]For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).


Several potential methods can be used to send explicit indications for the availability of TRS/CSI-RS. The most direct way is that the indication can be placed in SIBx associated with the TRS/CSI-RS configuration. As the SIBx is repeated on all beams, it’s beneficial for a UE to get all information of TRS/CSI-RS for different beams and can do reception adapting to itself’s requirements. The second way is that the available indication for a TRS is carried with the PEI which is QCLed with the same SSB index. If the PEI indicates that paging information is available for a UE, the UE can use the TRS/CSI-RS for tracking or AGC if it is indicated available. The indication can also be put into the paging PDCCH where several reserved bits can be used to carry the TRS/CSI-RS availability info and UE can use the TRS/CSI-RS for the next paging occasions if it’s indicated available. 
The indication in SIBx may cause a frequent change of SIB as the TRS/CSI-RS are shared from connected UEs and that is not expected. According to the associated topic, the PEI signal may be a sequence that can only carry one bit and is not suitable for indicating additional flags. On the other hand, the indication of both flags may be feasible if DCI is used for carrying the PEI. Paging PDCCH also has sufficient flexibility to carry the availability info and even can dynamically adjust the configuration of TRS/CSI-RS if needed. So DCI may be the most suitable tool as the informing way to minimize the complexity of network and UE implementation and be flexible enough. 
Proposal 1: DCI should be used to inform the availability of TRS/CSI-RS
On resource configuration for TRS/CSI-RS
It’s been agreed only periodic TRS/CSI-RS will be used for idle/inactive UEs and the configuration will be carried in SIB. In the last meeting, some parameters have been highlighted as mandatory for the TRS/CSI-RS resources for idle/inactive UEs.
	Agreements:
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]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


Based on current specification[3], there are at least 13 independent parameters to be configured for a periodic NZP-CSI-RS-Resource, and the length of the bit after UPER encoding for an NZP resource configuration may be over 80 bits as shown in table 1.
Table 1: an example of UPER encoding bits for an NZP-CSI-RS resource
	
	
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Length of enoding bits

	[bookmark: _Hlk67990006]nzp-CSI-RS-Resource
	Extention
	4

	[bookmark: _Hlk67918626]
	nzp-CSI-RS-ResourceId [0-191]
	
	8 

	
	resourceMapping
	Extention
	2

	
	
	frequencyDomainAllocation : [row1,b3…b0]
	
	6 

	
	
	nrofPorts [p1]
	
	3 

	
	
	firstOFDMSymbolInTimeDomain [0-13]
	
	4 

	
	
	firstOFDMSymbolInTimeDomain2 [2-12]
	Optional
	0

	
	
	cdm-Type [noCDM]
	
	2

	
	
	[bookmark: OLE_LINK77][bookmark: OLE_LINK78]density [three, NULL]
	
	2

	
	
	freqBand
	Extention
	1

	
	
	
	startingRB [0-274]
	
	9 

	
	
	
	nrofRBs [24-276]
	
	8

	
	powerControlOffset [0-31]
	
	5

	
	powerControlOffsetSS [db0,..]
	Optional
	2

	
	[bookmark: OLE_LINK83][bookmark: OLE_LINK84]scramblingID [0-1023]
	
	10

	
	[bookmark: OLE_LINK85][bookmark: OLE_LINK86]periodicityAndOffset [slots640,0]
	Optional
	14

	
	qcl-InfoPeriodicCSI-RS [0-127]
	Optional
	7

	sum
	87



[bookmark: OLE_LINK8][bookmark: OLE_LINK10]Since there should be at least 64 available resources associated with different beams in a cell, the total CSI-RS resource configuration bits for them can be 87*64 = 5568 bits which exceeds the capacity of one SIB. So the resource configuration pattern cannot be simply reused. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Typically, some parameters can be same for different CSI-RS resources in a cell. they can be moved to a CSI-RS-powersavingSet to save the coding bits. For example, the frequencyDomainAllocation /periodicity/freqBand/powerControlOffsetSS and scramblingID can be moved into a CSI-RS powersavingSet as common parameters for each resource in the set. Moreover, some parameters such as CSI-RS startingRB and nrofRBs can be compressed based on the configure restriction that the only multiples of 4 are allowed. the bit length could be minimized if the UE interprets the RB parameter by multiplying 4 with configuration values. Besides, If only TRS is used for idle/inactive UE, some parameters such as nrofPorts/cdm-Type/density can be omitted because TRS has a fixed value for them.
Observation 1: The NZP-CSI-RS-Resource configuration for power-saving needs reconstruction to accommodate the size limitation of SIB
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]To keep the flexibility of network configuration, additional restrictions of these parameters should not be introduced. The idle/inactive UE can read the configuration and the available information for TRS/CSI-RS to find a suitable reference for the best power-saving gain by UE implementation. 
Proposal 2: Additional restriction for TRS/CSI-RS configuration should not be introduced
[bookmark: _GoBack]On bandwidth configuration
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the RAN1-104e meeting, the bandwidth configuration for TRS/CSI-RS occasions is discussed, and two alternatives are considered for down-selection.
	Agreements:
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.



In specification[4], a rule on how to deal with the CSI-RS configured with a frequency band out of BWP has been declared: If  the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . In all cases, the UE shall expect that .
The rule can be applied similarly when the frequency location of TRS/CSI-RS for power-saving is out of the initial DL BWP. So the frequency location of TRS/CSI-RS can not be restricted by initial BWP and the idle/inactive UE can interpret the TRS/CSI-RS position as normal CSI-RS.
Proposal 3: The TRS/CSI-RS can be configured without considering the bandwidth restrictions of the initial BWP 
On QCL configuration
On the QCL information for a TRS/CSI-RS, the details for configuration should be studied.
	Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: TCI state from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details 
· FFS details
· Other alternatives are not precluded




[bookmark: OLE_LINK13]To indicate the QCL information for TRS/CSI-RSs, the SSB should be the only reference for the TRS/CSI occasions. A base station may configure one or multiple TRS/CSI-RS resources associating with one SSB index and UEs can use any one of them to do time-frequency tracking or AGC if it’s informed to be available. An idle/inactive UE may only monitor the paging occasion associated with one special SSB index, so the only TRSs which is QCLed with the same SSB index are useful. 
To keep the most flexibility of resource configuration, high lay can configure one or more candidate TRS/CSI-RSs which may QCLed with one SSB index. A UE can associate a TRS/CSI-RS with an SSB index when it accepts the availability info for the TRS/CSI-RS in a signal which is QCLed with the SSB index. Moreover, one CSI-RS resource may be configured with different SSB index in multiple sets, and the UE can determine the real QCL information according to the signal which carries the availability info for the TRS/CSI-RS.
Proposal 4: The QCL information of TRS/CSI-RS should be associated with the signal of availability information.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: The NZP-CSI-RS-Resource configuration for power-saving needs reconstruction to accommodate the size limitation of SIB
Proposal 1: DCI should be used to inform the availability of TRS/CSI-RS
Proposal 2: Additional restriction for TRS/CSI-RS configuration should not be introduced
Proposal 3: The TRS/CSI-RS can be configured without considering the bandwidth restrictions of the initial BWP 
Proposal 4: The QCL information of TRS/CSI-RS should be associated with the signal of availability information.  
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