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Introduction
In RAN1#104-e [1], TRS/CSI-RS for IDLE/inactive mode was discussed and some agreements /conclusions were made as follows. 
	Agreements:
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
Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-eRAN1#105-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 
Agreements:
Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 
· FFS details (including whether or not to restrict the RS to be TRS only)
Agreements:
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).
Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.
Agreements:
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.
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
Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.



In this contribution, we will discuss our views on TRS/CSI-RS configuration, RS type, QCL information of TRS/CSI-RS occasions for idle/inactive mode UE, and TRS/CSI-RS availability indication.
Consideration on TRS/CSI-RS configuration 
Necessary configuration Parameters of TRS/CSI-RS 
When UE switches from RRC CONNECTED state to RRC IDLE/INACTIVE state, it loses all the RRC configuration. Therefore, the detail configuration of TRS/CSI-RS resources such as time resources, frequency resources, RE mapping etc. are necessary to be re-configured for idle/inactive mode UE. The configuration can be limited to the necessary parameters only, in order to reduce signaling overhead. However, including of two important configuration parameters e.g. density and periodicity of RS may help reducing the configuration signaling overhead and benefits UE in term of power saving. For more detail, signal density may affect the RS overhead in a slot in a way that TRS/CSI-RS with high density have better performance and accuracy in term of synchronization, but it may increase the signal overhead in a slot, which may lead UE to consume more power for AGC and T/F synchronization. TRS/CSI-RS with sparser density occupies less symbols in time domain and thus reduces the RS overhead in a slot as shown in Figure 1. Hence, in our view it is desirable to consider density in the configuration of TRS/CSI-RS for idle/inactive UE to create flexibility in terms of sparse density and reduce the RS overhead in a slot.
                                         [image: ]
Figure 1 TRS/CSI-RS with Heavy and Sparser Density
Observations 1: TRS/CSI-RS with high denstiy increases signal overhead in a slot which leads UE to consume more power. TRS/CSI-RS with sparser density reduce the RS signal overhead and help UE in power saving.
[bookmark: _GoBack]As for the periodicity, it affects the UE RS signaling overhead and UE sleeping time before the PO. Configuring of TRS/CSI-RS with shorter periodicity increases the RS overhead and the chances of UE getting the TRS/CSI-RS far away from the PO.  To overcome that, TRS/CSI-RS with longer periodicity could be used to increase the chances of UE receiving TRS/CSI-RS near to PO and allow UE to stay in sleeping mode for long time as shown in Figure 2. Furthermore, to enhance the longer periodicity of CSI-RS and match the TRS/CSI-RS occasion with long DRx cycle of the current specification TS 38.331[2] e.g. ms2048, ms2560 etc. slot1280 may also be considered in CSI-RS PerodicityAndOffset.
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Figure 2 TRS/CSI-RS with Shorter and Longer Periodicity

Observation 2: TRS/CSI-RS with longer peridocity reduce the signaling overhead and increase the chances of UE to get TRS/CSI-RS near to PO,  especially in longer DRx cycle. 
Multiple TRS/CSI RS Configuration within MTC Window
Multiple TRS/CSI-RS resources may be configured within SMTC window and different set of TRS/CSI-RS may use by UEs in different PO as shown in Figure 3.  It may reduce the configuration signaling overhead and increase the chances of UE in a specific PO to select TRS/CSI-RS, which is close to the PO where the UE is existed.   It is worthy to note, in the configuration of multiple TRS/CSI-RS occasions within SMTC window, one TRS/CSI-RS may be far away from UE in a PO but near to a UE in another PO. Similarly, one TRS/CSI-RS may be near to a UE in a PO but far away from a UE in another PO. The UE will use a TRS/CSI-RS which is near to a PO where the UE is existed for AGC and T/F Synchronization. An illustrative example of multiple TRS/CSI-RS configured within SMTC window is shown in Figure 3, where the UE situated in PO1 uses RS2, the UE situated in PO2 uses RSN and the UE situated in PO3 uses RS1 for AGC and T/F synchronization.
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Figure 3 TRS/CSI-RS SMTC window
The IE TRS/CSI-RS MTC can be used to configured SMTC window of TRS/CSI-RS. In current specification TS 38.331, the UE shall setup the first SMTC in accordance with the received periodicityAndOffset parameter (providing Periodicity and Offset value for the following condition) in the smtc configuration. The first sub-frame of each SMTC occasion occurs at an SFN and subframe of the NR SpCell meet the following condition:
SFN mod T = (FLOOR (Offset/10));
if the Periodicity is larger than sf5:
subframe = Offset mod 10;
else:
subframe = Offset or (Offset +5);
with T = CEIL(Periodicity/10).
The IE TRS/CSIRS-MTC for configuration of TRS/CSI-RS SMTC window is provided as follows.
	-- ASN1START
-- TAG-TRS/CSIRS-MTC-START
TRS/CSIRS-MTC ::=                             SEQUENCE {
   periodicityAndOffset                CHOICE {
     sf4                     INTEGER (0..3),
     sf5                     INTEGER (0..4),
     sf8                     INTEGER (0..7),
     sf10                    INTEGER (0..9),
     sf16                    INTEGER (0..15),
     sf20                    INTEGER (0..19),
	 sf32				    INTEGER (0..31),
	 sf40				    INTEGER (0..39),
	 sf64				    INTEGER (0..63),
	 sf80				    INTEGER (0..79),
	 sf160 				    INTEGER (0..159),
	 sf320				    INTEGER (0..319),
	 sf640                   INTEGER (0..639),
	 },
duration        ENUMERATED {sf1, sf2, sf3, sf4, sf5, sf6, sf7, sf8, sf9, sf10, sf11, sf12, sf13}
repetition      ENUMERATED {on, off}                            Optional Need S 
}  
-- TAG-TRS/CSIRS-MTC-STOP
-- ASN1STOP


Repetition of TRS/CSI-RS within SMTC window 
Repeated transmission of TRS/CSI-RS resources within SMTC window may also be considered. In TRS/CSIRS MTC IE, a repetition field can be used to indicates whether the repetition is on/off. If the field is set to off or if the field is absent, the UE may not assume that the NZP-CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter. If the field is set to on, the UE assume that CSI-RS resources set are transmitted with the same downlink spatial domain transmission filter (as defined in TS 38.331). The repetition of TRS/CSI-RS within SMTC window can be executed according to the two potential patterns. The first pattern could be, a repetition of a set of TRS/CSI-RS consecutively in time domain i.e. {RS1, RS2, …. RSN, RS1, RS2, …. RSN} within SMTC. The second pattern could be, a repetition of the same TRS/CSI-RS in time domain i.e. {RS1, RS1    RS2, RS2 …. RSN, RSN} within SMTC window. 

Proposal 1: Consider the parameters such as density and PeriodicityAndOffset in TRS/CSI-RS occasion(s) configuration for idle/inactive mode UE. 
Propsal 2: Consider slot1280 in PeriodicityAndOffset of CSI-RS to create a longer peridocity for long DRx cycle. 
Proposal 3: Study the configuration of multiple TRS/CSI-RS SMTC window to reduce the configuration signaling overhead.

RS Type
As mentioned in the agreement related to the RS type for TRS/CSI-RS occasion of idle/inactive mode UE, whether or not to restrict the RS to be TRS only. In our view, the CSI-RS has more flexibility than TRS to start at any OFDM symbol and it usually occupies 1/2/4 OFDM symbols depending upon the configured number of ports. In addition, CSI-RS has more flexibility than TRS in terms periodicity and density within a slot. Concluding the aforementioned factors such as flexibility, periodicity and density, CSI-RS is also a proper choice to configure for TRS/CSI-RS occasion of idle/inactive UE. Therefore, TRS/CSI-RS occasion(s) for idle/inactive UE may not be restricted to be TRS only.
Proposal 4:  Support configuration of Multiple RS resources for TRS/CSI-RS occasion of idle/inactive UE, and do not restrict TRS/CSI-RS occasion to be TRS only. 
QCL information  
As discussed in the agreements above to study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from the following alternatives: 
· Alt-1: from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH
For alt 1, multiple TRS/CSI-RS configured with SIB signaling to inform idle/inactive UE about QCL information through qcl-InfoPeriodicCSI-RS field. In order to replace SSB based synchronization, TRS/CSI-RS is desirable to be configured in all SSB beams direction. For instance, gNB transmits 64 SSB beams in multi direction. To notify QCL information of TRS/CSI-RS occasion(s) to idle/inactive UEs through qcl-InfoPeriodicCSI-RS in 64 beams direction, it requires configuring qcl-InfoPeriodicCSI-RS in all beam direction, which increases the SIB signaling overhead. Moreover, gNB uses the same TRS/CSI-RS occasion of connected mode UE for idle/inactive mode UE. Any changes occur in TRS/CSI-RS of connected mode UE, gNB needs to reconfigure TRS/CSI-RS resources to update idle/inactive mode UE by the system information, which increases the UE power consumption for TRS/CSI-RS occasions. 
For alt 2, QCL assumption of TRS/CSI-RS resources are associated with the transmitted SSBs implicitly e.g. similar to PDCCH monitoring in PO. TRS/CSI-RS can be configured with specific gap in time domain between SSB and paging occasion. Hence, when idle/inactive mode UE is not provided with qcl-InfoPeriodicCSI-RS for QCL information of TRS/CSI-RS occasion, the UE may assume QCL of TRS/CSI-RS resources with the corresponding SSB and there is no network impact in this regard. Furthermore, the QCL assumption of TRS/CSI-RS with the SSB can be executed with two possible options. The first option is, one-to-one QCL relationship between TRS/CSI-RS and SSB as shown in Figure 4. The second option is, to leave the QCL assumption of TRS/CSI-RS with SSB to be up to the UE implementation. The advantage of alternative 2 is that, it reduces the signaling overhead and benefits UE to avoid the frequent receiving of system information updates due to TRS/CSI-RS resource changes.
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Figure 4 One-to-One QCL assumption of TRS/CSI-RS with transmitted SSB
Observation 3: Notifying QCL information of TRS/CSI-RS occasion(s) to idle/inactive UEs from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS may increase the configuration signaling overhead. 
Proposal 5: Associate QCL assumption of TRS/CSI-RS occasion(s) for idle/inactive UEs with the transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO. 
Availability Indication
In RAN1#104-e meeting, it was agreed that the availability indication of TRS/CSI-RS can be explicitly informed to the idle/inactive UE. Furthermore, it has also agreed to carry the UE subgroups information for paging in the physical layer design. However, using separate physical layer indication of TRS/CSI-RS and carrying the UE subgroups information for paging may increase the physical layer indication signals overhead. Therefore, shared physical layer signals may be considered to carry both the UE subgroup information for paging as well as indication of TRS/CSI-RS availability. The shared physical layer signal may reduce the network physical layer signals overhead for indication, reduce false paging alarm, and avoid blind detection complexity at UE side for TRS/CSI-RS decoding. A general concept of shared physical layer signaling overhead is illustrated in Figure 3, in which a gNB transmit a shared PEI. The shared PEI can be sequence based, P-DCI based or P-PDSCH based to carry the UE subgroup information for paging as well as inform UEs for TRS/CSI-RS availability.  The payload of PEI may contain bit fields and the bit fields can be divided into two sets. Each set may use different indication methods to carry the UE subgroup information for paging as well as TRS/CSI-RS availability indication. For instance, the first set of bit field uses bitmap to informs the UE sub-groups for paging, where bit 1 means paging and bit 0 means non-paging.  The second set of bit fields consider different combination of codes to inform UE the availability of TRS/CSI-RS. Upon the presence of code transmission, UE assume the availability of TRS/CSI-RS. In the absence of code transmission, UE assume the unavailability of TRS/CSI-RS. In this way, the shared physical signals can carry both the UE subgroup information for paging and TRS/CSI-RS availability indication.  
[image: ]
Figure 3 Shared Physical Layer signal for prior indication of UE Subgroups for paging and TRS/CSI-RS availability
Observation 4: shared physical layer signaling may use different indication methods to inform UEs subgroup for paging and TRS/CSI-RS availability. It may reduce physical layer signal overhead, false paging alarm and TRS/CSI-RS detection complexity. 
Proposal 6: Consider shared physical layer signaling to carry both the UE subgroup paging information and TRS/CSI-RS availability indication explicitly. 
Conclusion
In this contribution, we discuss the assistance RS for idle/inactive mode UE power saving enhancements. Based on the analysis, we have the following observations and proposals:
Observations 1: TRS/CSI-RS with high denstiy increases signal overhead in a slot which leads UE to consume more power. TRS/CSI-RS with sparser density reduce the RS signal overhead and help UE in power saving.
Observation 2: TRS/CSI-RS with longer peridocity reduce the signaling overhead and increase the chances of UE to get TRS/CSI-RS near to PO,  especially in longer DRx cycle. 
Observation 3: Notifying QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS may increase the configuration signaling overhead. 
Observation 4: shared physical layer signaling may use different indication methods to inform UEs subgroup for paging and TRS/CSI-RS availability. It may reduce physical layer signal overhead, false paging alarm and TRS/CSI-RS detection complexity. 

Proposal 1: Consider the parameters such as density and PeriodicityAndOffset in TRS/CSI-RS occasion(s) configuration for idle/inactive mode UE. 
Propsal 2: Consider slot1280 in PeriodicityAndOffset of CSI-RS to create a longer peridocity for long DRx cycle. 
Proposal 3: Study the configuration of multiple TRS/CSI-RS SMTC window to reduce the configuration signaling overhead.
Proposal 4:  Support configuration of Multiple RS resources for TRS/CSI-RS occasion of idle/inactive UE, and do not restrict TRS/CSI-RS occasion to be TRS only. 
Proposal 5: Associate QCL assumption of TRS/CSI-RS occasion(s) for idle/inactive UEs with the transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO. 
Proposal 6: Consider shared physical layer signaling to carry both the UE subgroup paging information and TRS/CSI-RS availability indication explicitly. 

Reference
[bookmark: _Ref57820751]Chairman's Notes RAN1#104-e.
3GPP TS 38.331: "NR; Radio resource control (RRC); Protocol specification".
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