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1 Introduction
In RAN1#102 e-meeting [1], the following were agreed:

Agreement:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.
Decision: As per email decision posted on August 28th,

Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
· Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
· Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
· Note: Always-on TRS/CSI-RS transmission by gNodeB is not required
· At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 
· FFS for other RS types
· FFS: Whether UE blind detection is required or not.
Agreements:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
· AGC, time/frequency tracking
· FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication
Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)

Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
· FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
· FFS for other signalling candidates (e.g., pre-configuration, etc.)
· FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)
Decision: As per email decision posted on August 28th,
Agreement:
Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).
Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not

This contribution discusses design aspects for supporting TRS/CSI-RS for idle/inactive UEs, and provides evaluation of power saving gain.

2 Design aspects of TRS/CSI-RS for idle/inactive mode UEs
We consider the following design aspects in order to support potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive mode UEs,
· Functionalities of TRS/CSI-RS for idle/inactive mode UEs,
· Configuration of TRS/CSI-RS resources for idle/inactive UEs
· Availability of TRS/CSI-RS reception for idle/inactive UEs
2.1 Functionalities of TRS/CSI-RS for idle/inactive mode UEs
For a UE operating in idle/inactive mode, the UE consumes powers for activities, such as synchronization, RRM measurement, and paging monitoring. As illustrated in Figure 1, LTE system supports always-on CRS in every subframe, so that a UE can perform synchronization or serving cell RRM measurement based on the CRS resources around the PO. 

However, the always-on cell-specific reference signals are not available in the NR system. A NR UE performs synchronization or RRM measurement based on SS/PBCH blocks from one or multiple SS/PBCH bursts spread over time. 
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Figure 1: Illustration of the timeline of an idle/inactive mode UE for data reception from a serving cell.

One issue for idle/inactive mode UE is high power consumption on synchronization due to long active period. The active period for synchronization is determined by number of SS/PBCH bursts UE has to receive for synchronization before a PO, and also the timing alignment of the SS/PBCH burst and PO. For eMBB UEs with high quality chipsets, the number of SS/PBCH bursts for synchronization is small, e.g.  but for RedCap UEs with lower quality chipsets, the required number of SS/PBCH bursts for synchronization could be larger, e.g.  The timing alignment of SS/PBCH burst for synchronization and PO will also affect UE power consumption as UE has to stay in light sleep between the last SS/PBCH burst before PO for synchronization  and the PO. NR supports flexible configuration of PO, the best case is that a PO is located right after SS/PBCH burst, while the worst case is that a PO is located before SS/PBCH burst. For the simplicity of evaluation, we assume the PO is in the middle between two consecutive SS/PBCH bursts. 
 
Observation #1: For an idle/inactive mode UE, power consumption overhead for synchronization based on SS/PBCH blocks is high due to multiple SS/PBCH bursts used or a large time gap between a nearest SS/PBCH burst and PO. 

Therefore, to reduce power consumption overhead for synchronization, it’s beneficial to provide idle/inactive mode UEs additional TRS/CSI-RS resources for synchronization purpose. 

Similar issue may also happen for serving cell RRM measurement.

Observation #2: For an idle/inactive mode UE, power consumption overhead for serving cell RRM measurement based on SS/PBCH blocks is high due to multiple L1 samples needed or a large time gap between SMTC window and PO.

To reduce power consumption overhead for serving cell RRM measurement, it’s beneficial to provide idle/inactive mode UEs additional TRS/CSI-RS resources that are applicable for serving cell RRM measurement. 

In our companion contribution [2], another issue for idle/inactive mode UEs is unnecessary wake-up times for paging reception. To resolve this issue, sequence based I-WUS can be considered. Thanks to the flexible configuration of TRS/CSI-RS, TRS/CSI-RS is a great candidate for sequence based I-WUS. 

When multiple potential functionalities can be supported from the same TRS/CSI-RS resources, gNB can configure to support one or more of the potential functionalities. 

Proposal #1: Except for synchronization purpose, support additional functionalities of TRS/CSI-RS for idle/inactive UEs, including RRM measurement or early paging indication.

Proposal #2: Support configurable functionalities for TRS/CSI-RS resources in idle/inactive mode. 
2.2 Configuration of TRS/CSI-RS resources for idle/inactive UEs
When a UE switches from RRC_CONNECTED state to RRC_IDLE/INACTIVE state, the UE lose all/part of RRC configurations, including the configuration for TRS/CSI-RS. Therefore, it’s impossible to directly reuse UE-specific TRS/CSI-RS resources available in connected mode to idle/inactive mode. 

In order to share the configuration of TRS/CSI-RS for both connected mode UE and idle/inactive UEs, a cell-specific TRS/CSI-RS based on configuration in broadcast channel is needed.  To reduce system overhead, the configuration, such as time or frequency domain resources allocation, can be included in SIB1. 

Proposal #3: Support configuration of cell-specific TRS/CSI-RS resources via SIB1. 

To reduce the power consumption overhead for synchronization or RRM measurement, it’s essential to consider timing alignment between the TRS/CSI-RS reception occasion and PO. 

Since NR supports flexible configuration of TRS/CSI-RS with many choices for periodicity and duration. One solution is to leave the alignment between paging occasion and TRS/CSI-RS reception occasion up to gNB implementation. The disadvantage of this solution is gNB need to configure multiple sets of TRS/CSI-RS resources, where each of them is associated with a PO. The system overhead on the configuration can be relatively high. 

Another solution is to consider a common configuration of TRS/CSI-RS resources. The configuration of TRS/CSI-RS resource is common to both connected mode UEs and idle/inactive mode UEs. Beside the configuration of TRS/CSI-RS resources, a MTC window for determining valid TRS/CSI-RS resources can be considered. The configuration of MTC window can be defined relative to the start or end of a PO, and common to all idle/inactive UEs in order to reduce system signalling overhead. 



Figure 2: Illustration of MTC for TRS/CSI-RS reception in idle/inactive mode.

Proposal #4: Support time alignment between TRS/CSI-RS reception occasion and PO.

2.3 Availability of TRS/CSI-RS reception for idle/inactive mode UEs

It was agreed in last meeting, the TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. Whether UE blind detection is required or not is an open question. 
If TRS/CSI-RS resources are used for synchronization or serving cell RRM measurement, and UE is not provided with the availability of the TRS/CSI-RS resource in advance. UE has to assume the worst case that gNB may not transmit TRS/CSI-RS in predetermined occasions all the time. Therefore, UE still have to rely on SSB bursts for synchronization and can’t achieve power saving gain. 

Observation #3: UE can’t achieve power saving gain if the UE is required to perform blind decoding for the reception TRS/CSI-RS resources that are used for synchronization or serving cell RRM measurement. 

To avoid always-on TRS/CSI-RS transmission and provide flexibility on NW side, the availability of periodic TRS/CSI-RS can be provided to UE either by higher layer signaling or dynamically via L1 signaling. 

In one method, gNB can provide the activation or deactivation indication of TRS/CSI-RS reception for idle/inactive mode UEs. For example, the severed bits in short message of paging DCI can be used to include the indication per UE group. Alternatively, the MTC window can be provided to UE, and the UE can assume the TRS/CSI-RS resources are available only within the MTC window.

To reduce signaling overhead, validation based on detection of existing physical layer signal/channel can be considered. For example, when the TRS/CSI-RS resources are used for serving cell RRM measurement, detection of a paging PDCCH can be used to indicate the existence of valid TRS/CSI-RS reception occasion around the corresponding PO. 

Proposal # 5: gNB provides the availability of periodic TRS/CSI-RS resources for idle/inactive mode UEs, and UE is not required to perform blind decoding for periodic TRS/CSI-RS reception. 

3 Evaluation methodology and evaluation results 
For power saving evaluation regarding TRS/CSI-RS reception in idle/inactive mode, the same evaluation methodology specified in our companion contribution [2] can be used. 

The average power consumption for baseline is provided in Section 3.1 of our companion contribution [2], and the power saving gain for TRS/CSI-RS used for early paging indication is provided in Section 4.1 of our companion contribution [2].  
3.1 Power saving gain with idle/inactive mode TRS/CSI-RS for synchronization

The processing timeline with TRS/CSI-RS for synchronization is illustrated in Figure 3. We assume the TRS/CSI-RS lasts for N1 ms is located N2 ms before the start of the PO. The TRS/CSI-RS resources are used for synchronization, so that UE doesn’t need to receive SS/PBCH blocks for synchronization, i.e. . However, UE still receives SS/PBCH blocks for serving cell RRM measurement. 



Figure 3: Illustration of the processing timeline with TRS/CSI-RS for synchronization 

The micro sleep duration between TRS/CSI-RS reception occasion and PO is 1. 

The light sleep duration between SSB burst for serving cell RRM measurement and TRS/CSI-RS reception occasion is  and the light sleep between PO and MG for inter frequency RRM measurement is . 

The deep sleep duration can be calculated as without cell search, and  with cell search.


PSG for TRS/CSI-RS used for synchronization with respect to different configuration of number of SS/PBCH bursts,  , and TRS/CSI-RS slot duration, N1, are evaluated, and the results are shown in Table 1. Larger number of SS/PBCH bursts for synchronization is needed for cell-edge UEs with low SINR. 

Table 1: PSG with TRS/CSI-RS for synchronization
	
	
	
	

	N1 = 1
	1.36%
	15.96%
	26.91%

	N1 = 2
	0.21%
	15.13%
	26.19%


*N2=N1.

According to evaluation results in Table 1, we observe the following:

Observation #4: TRS/CSI-RS for synchronization achieves remarkable power saving gain for cell-edge UE but marginal power saving gain for cell-center UE in idle/inactive mode.

3.2 Power saving gain with idle/inactive mode TRS/CSI-RS for both synchronization and serving cell RRM measurement

The processing timeline with TRS/CSI-RS for both synchronization and serving cell RRM measurement is illustrated in Figure 4. We assume the TRS/CSI-RS lasts for N1 ms is located N2 ms before the start of the PO. The TRS/CSI-RS resources are used for synchronization and serving cell RRM measurement, so that UE doesn’t need to receive SS/PBCH blocks for synchronization, i.e. , and no SS/PBCH blocks based RRM measurement when there is no cell search for neighboring RRM measurement. 



(a) Without cell search


(b) With cell search
Figure 4: Illustration of the processing timeline with TRS/CSI-RS for synchronization and serving cell RRM measurement. 

The micro sleep duration between TRS/CSI-RS reception occasion and PO is 1. 

The light sleep duration between SSB burst for intra-frequency RRM measurement and TRS/CSI-RS reception occasion is  The light sleep between PO and MG for inter-frequency RRM measurement is . 

The deep sleep duration can be calculated as without cell search,  with cell search.


PSG for TRS/CSI-RS used for both synchronization and serving cell RRM measurement with respect to different configuration of number of SS/PBCH bursts,  , and TRS/CSI-RS slot duration, N1, are evaluated, and the results are shown in Table 2. Larger number of SS/PBCH bursts for synchronization is needed for cell-edge UEs with low SINR. 
Table 2: PSG with TRS/CSI-RS for synchronization and serving cell RRM measurement
	
	
	
	

	N1 = 1
	13.34%
	24.65%
	34.47%

	N1 = 2
	9.64%
	21.97%
	32.14%


*N2=N1

According to evaluation results in Table 2, we observe the following:

Observation #5: TRS/CSI-RS for synchronization and serving cell RRM measurement achieves remarkable power saving gain for both cell-edge UE and cell-center UE in idle/inactive mode.

4. Conclusion	
This contribution considered TRS/CSI-RS resources for idle/inactive UEs. 

Following proposals and observation were made:

Observation #1: For an idle/inactive mode UE, power consumption overhead for synchronization based on SS/PBCH blocks is high due to multiple SS/PBCH bursts used or a large time gap between a nearest SS/PBCH burst and PO. 

Observation #2: For an idle/inactive mode UE, power consumption overhead for serving cell RRM measurement based on SS/PBCH blocks is high due to multiple L1 samples needed or a large time gap between SMTC window and PO.

Observation #3: UE can’t achieve power saving gain if the UE is required to perform blind decoding for the reception TRS/CSI-RS resources that are used for synchronization or serving cell RRM measurement. 

Observation #4: TRS/CSI-RS for synchronization achieves remarkable power saving gain for cell-edge UE but marginal power saving gain for cell-center UE in idle/inactive mode.

Observation #5: TRS/CSI-RS for synchronization and serving cell RRM measurement achieves remarkable power saving gain for both cell-edge UE and cell-center UE in idle/inactive mode.

Proposal #1: Except for synchronization purpose, support additional functionalities of TRS/CSI-RS for idle/inactive UEs, including RRM measurement or early paging indication.
[bookmark: _GoBack]
Proposal #2: Support configurable functionalities for TRS/CSI-RS resources in idle/inactive mode. 

Proposal #3: Support configuration of cell-specific TRS/CSI-RS resources via SIB1.

Proposal #4: Support time alignment between TRS/CSI-RS reception occasion and PO.

Proposal #5: gNB provides the availability of periodic TRS/CSI-RS resources for idle/inactive mode UEs, and UE is not required to perform blind decoding for periodic TRS/CSI-RS reception. 
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