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1		Introduction
In UE power savings WI for Rel-17 (latest WID in RP-200938, RAN#88), the following items were agreed regarding enhancements for idle/inactive-mode UE power saving.
1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
0. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
0. Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required

In this paper, we focus on the second item, i.e., specifying means to provide potential TRS/CSI-RS available in the connected mode to idle/inactive mode UEs (for convenience, also referred to as idle UEs in some places in this document). 
[bookmark: _Ref178064866]2	Discussions on potential TRS/CSI-RS occasion provisioning to idle UEs 
In RAN1#102, the following agreements were made about provision of potential TRS/CSI-RS to idle UEs. 
Agreements:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.

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.
Among the current potential CSI-RS resources which can be configured for the UE in connected mode, in one generic categorization, they can be divided to periodic, semi-persistent and aperiodic CSI-RS. Considering that aperiodic CSI-RSs involve a trigger from the NW side, they cannot be considered as suitable candidates to be provided to the idle UEs. Semi-persistent CSI-RS resources are also not a suitable candidate, since they can be activated and deactivated through MAC CE mechanisms which are not available in the idle mode. As such the periodic CSI-RS resources remain the most suitable option among them.
Furthermore, among the periodic CSI-RSs, CSI-RS for tracking, or in short TRS, is a reference signal which is always configured periodically, and has a simple configuration, e.g., single port, which can be used efficiently by an idle UE for tracking and synchronization purposes, and as such in RAN1#102, periodic TRS is agreed as one of the connected mode CSI-RS resources which the NW can share its potential occasions. 
The other CSI-RS resources, even if periodic, are intended for other purposes, e.g., PDCCH/PDSCH LA which are not be suitable for idle UEs. Furthermore, there is no reason for NW to keep such CSI-RS resources ON for a UE in idle mode. Additionally, TRS has simpler configuration with respect to other CSI-RSs which makes it simpler and with lower overhead to share with idle UEs through higher layer signaling, e.g., SI. 
[bookmark: _Toc47729845][bookmark: _Toc54384076]TRS is the most suitable connected mode CSI-RS resource whose potential occasion(s) can be provided to the idle UE.
In the last meeting, there were some proposals regarding presence of a TRS between paging PDCCH and PDSCH whenever there is a paging message, or simply transmit a TRS along with every paging message. We do not see the need for introducing such mechanism as it implies network must transmit such RS even though the RS is not being used for connected mode. Moreover, it increases the additional NW power on paging as well as increases overhead. 
Furthermore, there are proposals to include other forms of periodic CSI-RS as candidates which their occasions can be shared with idle UEs, e.g., CSI-RS for mobility. It is important to note that while the case for TRS and its applicability to help the UE achieve fine time and frequency synchronization is clear, the same does not apply to CSI-RS for mobility. The intention of the latter is to help the UE to perform mobility measurements in the active time of the connected mode (even in the connected mode, the UE is not required to perform measurements based on CSI-RS for mobility outside the active time), and we are not convinced how provision of potential occasions of CSI-RS for mobility can help an idle UE to achieve power savings. Therefore, we propose to focus on specification of providing potential connected mode TRS occasions to idle UEs.
Proposal 1 [bookmark: _Toc54384087]Only TRS/CSI-RS occasion(s) corresponding to periodic TRS can be shared with idle UEs.
3	Evaluation of UE PS gain and NW power consumption by TRS provisioning
A typical idle UE which is configured with DRX, wakes up at the end of every DRX cycle (e.g., 1.28 sec as considered in this section) to monitor paging, in its PO (Paging Occasion). Furthermore, the idle UE should maintain synchronization by measuring SSB(s) as necessary to decode PDCCH/PDSCH successfully. Considering UE power savings, as well as synchronization stability, it is expected that the UE would measure the latest SSB before the PO. Based on the duration to upcoming PO (up to e.g. 20ms for FR1), the UE can either go to sleep (light or micro) until PO. The UE can expect to achieve better power savings with TRS, only if when it comes after the latest SSB and before the PO. 
For evaluation purposes, we consider two baseline scenarios, 
In Scenario 1, we consider the latest SSB occurs 20ms before PO, and in Scenario 2, we consider the average scenario where the latest SSB occurs 10 ms before PO. In both cases, we consider a baseline case, where the UE employs only SSB for synchronization before the PO. To do this, 
· in one set of results, the UE only needs “1 SSB before the PO”, and thus it can employ TRS instead of the single SSB if TRS comes after SSB (i.e., TRS+PO instead of a SSB+PO). 
· In the other set of results, the UE needs “two SSBs before the PO”. In this case, one of the SSBs can be skipped when the UE uses also TRS (i.e., SSB+TRS+PO instead of a SSB+SSB+PO). 

To evaluate the total UE power savings gain, we consider the baseline where the UE power consumption in connected mode is optimized by considering several Rel 15 and Rel 16 power savings techniques, which leads to maximum 27% of the UE power consumed in idle mode [7]. Additionally, for the TRS, the modeling now includes the micro-sleep in the intermediate symbols.
Table 1 shows the UE power savings for different number of SSBs processed before a PO, and for different TRS offset values. It is noted that it is not required that TRS must be adjacent to the SSBs.
Table 1. UE power saving for provisioning of  TRS for different scenarios.
	

	Result set 1 (1 SSB before PO)
	Result set 2 (2 SSBs before PO)

	
	Idle mode power consumption
	Idle mode power savings gain
	Total UE power savings gain
	Idle mode power consumption
	Idle mode power savings gain
	Total UE power savings gain

	Scenario 1 
	SSB only
	1.7578
	N/A
	N/A
	2.1390
	N/A
	N/A

	
	TRS is 1ms after SSB
	1.7928
	-2%
	-0.5%
	1.8259
	14.6%
	4%

	
	TRS is 5ms after SSB
	1.7334
	1.4%
	0.4%
	1.9040
	11%
	3%

	
	TRS is 15 ms after SSB
	1.6045

	8.7%
	2.4%
	1.8915
	11.6%
	3.1%

	
	TRS is 19 ms after SSB
	1.4670
	16.5%
	4.5%
	1.8133
	15.2%
	4.1%

	Scenario 2
	SSB only
	1.6328
	N/A
	N/A
	2.0140
	N/A
	N/A

	
	TRS is 1ms after SSB
	1.6444
	-0.7%
	-0.2%
	1.6775
	16.7%
	4.5%

	
	TRS is 5ms after SSB
	1.6045

	1.7%
	0.5%
	1.7626
	12.5%

	3.4%

	
	TRS is 9ms after SSB
	1.4670
	10.2%
	2.7%
	1.6649

	17.3%
	4.7%



The gains above are achieved considering that the there is always a TRS sent by NW during idle mode, an assumption which implies 100% increase in persistent transmissions by the NW as it must send TRS in addition to sending SSB. 
[bookmark: _Toc47729846][bookmark: _Toc54384077]Using TRS during idle mode provides UE PS gain of up to 4.7% in the most optimistic case under the assumption that there is 100% increase in persistent transmissions by the NW (i.e., a TRS with same periodicity as SSB is always available to the UE). 
[bookmark: _Toc54384078]In a typical average case where the latest SSB is 10 ms before a PO and TRS is 5ms after SSB, the UE power saving gain is 0.5% and 3.4% for the cases where the UE needs to process one and two SSBs before PO, respectively.

The UE power consumption analysis must also consider the scenario where TRS periodicity is larger (e.g. > 20 ms) or the additional measurements, e.g., the UE should typically measure intra frequency cells once every DRX cycle, and if specific conditions are met, measure inter frequency, inter-RAT EUTRA cells, etc. Considering these additional aspects, the achievable UE PS gains may reduce further.
The impact on network energy consumption is analyzed next. 
Table 2 summarizes the additional NW power consumption to transmit a TRS in addition to SSB for one full DRX cycle. The underlying model for NW energy consumption evaluations is provided in Annex A based on references from Rel-15. 
In this evaluation, we consider a case where the SSB is broadcasted over a wide beam, i.e., only one beam is configured for SSB, and the same for TRS. SSB duration is 4 symbols, and TRS spans two consecutive slots with 2 symbols per slot, and 4 symbols separation between them. Note that this additional power in practice may be even higher if more than one TRS configuration is employed by the NW. 
When there is no connected mode user for which the TRS is intended, this is the extra cost network incurs to keep transmitting TRS for an idle mode UE.

Table 2. Additional NW power consumption as a result of additional TRS transmissions in one DRX cycle.
	SSB to TRS offset
	SSB Only
	TRS 20ms
	TRS 40 ms

	1ms
	100%
	144%
	122%

	5 ms
	100%
	151%
	126%

	10 ms
	100%
	159%
	129%



It is clear, additional TRS transmissions increase NW power consumption. If multiple beams are employed, the increase in power consumption is going to be even more. Thus, to have a proper trade-off between UE Rx wake up and NW Tx activity, the principle should be that an idle UE should expect to use ‘connected mode TRS’ only when such TRS is transmitted for other connected mode UEs. Since the UEs can enter and leave connected mode, the NW can transmit or omit the TRS in potential TRS occasions depending on whether there are connected mode UEs being served or not. The UE should be able to handle the presence/absence of TRS in potential TRS occasions without additional signaling overhead from NW. 
[bookmark: _Toc54384079]Keeping TRS transmissions on solely for supporting idle mode UEs increases NW power consumption significantly (e.g. by 22% to 60% depending TRS periodicity and offset to SSB). 
Next, we consider the additional NW impact of TRS availability signaling to the UE, e.g., due to L1 signaling. 
In this case, we have two situations. In one case, the UE has received a guarantee e.g., in the previous PO through a paging message or another L1 signaling, e.g., paging early indicator (PEI) as proposed by some companies that TRS is present. Then, the NW would like to turn the TRS OFF e.g., because there is no connected UE in the cell. Then the NW power consumptions increases even more (see in Table 3) due to the following: 
1) NW needs to send a L1 signaling (e.g. via paging message or PEI) to all the UEs within the cell to inform them about the availability change, and 
2) NW needs to additionally keep transmitting TRS until all UEs are informed. 

Such increased power consumption and signaling overhead on the NW side is not justifiable. For example, just for the case where the SSB to TRS offset is 1ms, the additional L1 signaling to inform the UEs within a DRX cycle that the TRS is deactivated from the next cycle will lead to the following results which shows a significant increase in NW power consumption. Furthermore, considering a typical paging rate of 10%, an L1 signaling approach as discussed here, can lead to 900% more paging overhead (i.e. transmit paging in every PO) within a DRX cycle than the average case. 
Table 3. Additional NW power consumption due to L1 based signaling to announce the UE that TRS is deactivated from the next cycle.
	SSB to TRS offset
	SSB Only
	TRS 20ms + L1
	TRS 40 ms +L1

	1ms
	100%
	238%
	169%



[bookmark: _Toc54384080]Using L1 signaling to announce activation/deactivation of TRS transmissions for idle UEs increases NW power consumption significantly (e.g. by 69% to 138% depending TRS periodicity and offset to SSB). 
[bookmark: _Toc54384081]L1 signaling based indication of TRS availability leads to a significant additional NW power consumption, and up to 900% more signaling overhead which is not justifiable with respect to the limited UE PS gain.
Another possibility is implicit L1 signaling. E.g., if the UE receives a paging in DRX cycle N, then the UE can assume TRS is present for a validity timer, e.g., DRX cycle N+1, and alternatively if no paging is received, then the UE cannot assume TRS is guaranteed to be transmitted. While the paging the overhead in this case is lower than the previous case, however, still if the NW would like to turn off TRS before the end of the DRX cycle N+1, it still has to keep transmitting TRS until the end which according to Table 1, consumes NW energy. Moreover, the UE power saving gains are quite limited since only UEs in groups that are paged can make use of the TRS information. 
[bookmark: _Toc47729847][bookmark: _Toc54384082]Idle UEs should be able to handle at least the case where TRS is present/absent in potential TRS occasions without additional signaling from NW.
Proposal 2 [bookmark: _Toc54384088]Explicit L1 signaling to announce activation/deactivation of TRS transmissions in potential TRS occasions for idle UEs is not supported. 
  
4	Provisioning of potential connected mode TRS occasions to idle UEs
In RAN1#102-e, the following agreements were made.
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.)

Agreements:
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.

Before addressing the FFS items, we would like to emphasize the agreement from the last meeting that new types of patterns/types of TRS are not introduced specifically for idle UEs.  Furthermore, the solutions to provide potential connected mode TRS solutions to idle UEs should have very low system overhead as stated in the WID objectives. 
As agreed in the last meeting, TRS configuration information can be indicated by higher layer signaling e.g., as part of system information (SI) that inform the UE as to which potential TRS occasions may contain TRS. In our view, provision of TRS configuration through one of the SIBs is the most appropriate solution. The reason is that SI is the communication channel to an idle UE, and thus a UE can update itself about the potentially new TRS occasions, or in case some TRS occasions are not provided anymore as part of SI. Other signaling candidates such as RRC release means that the potential TRS occasions are communicated in the connected mode to a UE which is about to go to idle mode. 
Nevertheless, while the detailed configuration parameters should be provided by RAN1, the details of higher layer signaling, e.g., which SIB is to be used and whether dedicated RRC is also possible, etc should be discussed in RAN2. RAN1 should not focus on  signaling overhead optimization, discussion on that can also be left to RAN2 to provide input on. From our perspective at least provisioning of potential TRS occasions can done via system information signaling so all idle UEs can take advantage of the information. 
Proposal 3 [bookmark: _Toc54384089]Support provisioning of potential TRS occasions via SI as part of a SIB. Details up to RAN2.
Another main principle to highlight is that the transmission/absence of TRS in potential TRS occasions configured via system information does not imply anything regarding a TRS configured for a connected mode UE i.e. connected mode UE still follows the TRS configured for it rather than looking at the potential TRS occasions configured in the system information. 
Regarding the detailed configuration parameters, potential TRS occasion configuration can include the following parameters. (Note that some parameters can be simplified if necessary, including optionality of parameters that are not used for TRS, or that are always same for TRS e.g., density, and number of ports.)
· periodicityAndOffset
· powerControlOffsetSS
· scramblingID
· qcl-InfoPeriodicCSI-RS
· aperiodicTriggeringOffset (for FR2)
· firstOFDMSymbolInTimeDomain
· startingRB  
· nrofRBs
With regard to whether and how to inform the availability of TRS to idle UEs (i.e., whether TRS is transmitted or not), first the UE can make use of the potential TRS occasions and identify whether an actual TRS occasion contains a valid TRS or not, and if it contains a valid TRS, the UE can use it for saving power appropriately, which is an implicit approach. 
The alternate approach of using L1 signaling to inform if the TRS is transmitted (or not) involves NW overhead/power consumption as depicted in Table 2. Furthermore, it also entails the UE waking up for L1 signaling messages just to become aware if the TRS is transmitted or not, and thereby increasing the UE power consumption also. Indeed, such an approach may lead to diminishing any potential gain by employing TRS. As such, explicit approaches to inform the availability of TRS to the UEs should be avoided. 
On the other hand, UE implementation-based techniques can be employed by the UE to detect the TRS based on the provided potential occasions, and then use them e.g., for synchronization purposes. After obtaining the above described TRS configuration info, the UE may tentatively detect the TRS according to the configured T/F/code parameters, using e.g. a traditional matched filter correlator approach, either in time or frequency domain. By comparing the correlator output to a detection threshold, the UE will determine whether the TRS is currently available or not. 
Blind detection of TRS based on the provided TRS occasions should be approach with which UE can acquire TRS availability without additional signaling from the NW.
[bookmark: _Toc54384083]Idle-mode UEs can detect TRS based on the provided potential occasions by using UE implementation-based techniques
[bookmark: _Toc54179449][bookmark: _Toc54179649]5	Idle mode applications of TRS
In RAN1#102, the following agreement was made with regard to the applications of TRS.
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
With regard to the RRM measurements for serving cell and neighbor cell, first we should note that the UE cannot expect the NW to provide TRS occasions of the neighboring cells. In the current specifications also, the NW is not required to share the detailed SSB configuration of the neighboring cells. In case of intra frequency measurements, the UE should be able to blindly detect the neighboring cell SSBs, and in case of inter frequency measurements, the NW is just required to provide the carrier frequency of the neighbor cells, and again the UE should be able to detect the corresponding SSBs. Therefore, in general to exploit TRS for neighbor cell measurements looks quite infeasible according to the current specifications. 
Current specifications have clear guideline how the SS-RSRP and SS-RSRQ as the fundamental components of cell reselection measurements (i.e., serving cell as well neighbor cell measurements) should be calculated. These measurements are largely limited to SSBs as well as SMTC window. As such to use TRS for RRM measurements most likely lead to extensive discussions and change to the fundamentals of RRM measurements as established in the current specifications. Furthermore, such changes would also imply RAN4 impact, and their opinion would be necessary.  
[bookmark: _Toc54384084]The current specifications do not allow using TRS for RRM measurements.
[bookmark: _Toc54384085]Allowing to use TRS for RRM measurements has RAN4 impact.
Given it is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted, it is not clear if such RS that is occasionally available can serve any additional purposes such as PEI. The PEI indication are being discussions in the other agenda item, where the focus seems to be more on a DCI-based PEI, and where the PEI is used as means to inform UE of TRS availability. Thus, we would prefer to not mix up these discussions:
[bookmark: _Toc54384086]TRS/CSI-RS occasion(s) that can be shared to idle/inactive mode UE cannot be used as PEI as TRS may or may not be present. 
Therefore, we propose to that TRS can be used for only the purpose that it is intended for in connected mode as well i.e. for T/F tracking. It may be possible to use it for AGC but given the occasional availability, it might not always feasible. 
Proposal 4 [bookmark: _Toc54384090]The TRS/CSI-RS occasion(s) that are shared to idle/inactive UEs are not assumed to be used for RRM measurements or paging early indication.
Conclusion
In sections 2-5, the following observations and proposals were made: 
Observation 1	TRS is the most suitable connected mode CSI-RS resource whose potential occasion(s) can be provided to the idle UE.
Observation 2	Using TRS during idle mode provides UE PS gain of up to 4.7% in the most optimistic case under the assumption that there is 100% increase in persistent transmissions by the NW (i.e., a TRS with same periodicity as SSB is always available to the UE).
Observation 3	In a typical average case where the latest SSB is 10 ms before a PO and TRS is 5ms after SSB, the UE power saving gain is 0.5% and 3.4% for the cases where the UE needs to process one and two SSBs before PO, respectively.
Observation 4	Keeping TRS transmissions on solely for supporting idle mode UEs increases NW power consumption significantly (e.g. by 22% to 60% depending TRS periodicity and offset to SSB).
Observation 5	Using L1 signaling to announce activation/deactivation of TRS transmissions for idle UEs increases NW power consumption significantly (e.g. by 69% to 138% depending TRS periodicity and offset to SSB).
Observation 6	L1 signaling based indication of TRS availability leads to a significant additional NW power consumption, and up to 900% more signaling overhead which is not justifiable with respect to the limited UE PS gain.
Observation 7	Idle UEs should be able to handle at least the case where TRS is present/absent in potential TRS occasions without additional signaling from NW.
Observation 8	Idle-mode UEs can detect TRS based on the provided potential occasions by using UE implementation-based techniques
Observation 9	The current specifications do not allow using TRS for RRM measurements.
Observation 10	Allowing to use TRS for RRM measurements has RAN4 impact.
Observation 11	TRS/CSI-RS occasion(s) that can be shared to idle/inactive mode UE cannot be used as PEI as TRS may or may not be present.

Proposal 1	Only TRS/CSI-RS occasion(s) corresponding to periodic TRS can be shared with idle UEs.
Proposal 2	Explicit L1 signaling to announce activation/deactivation of TRS transmissions in potential TRS occasions for idle UEs is not supported.
Proposal 3	Support provisioning of potential TRS occasions via SI as part of a SIB. Details up to RAN2.
Proposal 4	The TRS/CSI-RS occasion(s) that are shared to idle/inactive UEs are not assumed to be used for RRM measurements or paging early indication.
[bookmark: _In-sequence_SDU_delivery] 
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Annex A
NW energy consumption modelling

Network energy efficiency to large extent is dependent on the system load in the network as well as equipment behavior at both high and low loads. An example methodology with sufficient details are provided in [2]-[4], including a few from the Rel-15 discussions.. A crucial part of that methodology are models of equipment power behavior and energy consumption.
Equipment energy consumption is, however, to large extent a matter of implementation, and thereby outside the scope of the radio standard. Nevertheless, deeper analysis reveals that energy efficiency is primarily affected by two capabilities related to the standard:
1) transmitting efficiently when there is data to transmit, and
2) not transmitting so much when there is no data to transmit [5]. 
In particular (2) is important as it sets the limits for how equipment sleep modes can be designed [6], which are crucial for low-energy operation.
In essence, (2) implies that a network node should be able have a large sleep ratio. In addition, it is important that the duration of the sleep periods is sufficiently long. The motivation is that it takes some time to deactivate and reactivate certain components, and given this the longer the sleep duration, the more components can be put to sleep and the lower the sleep power usage becomes. 
In more detail, it is desired to support the transition times (deactivation plus reactivation) of sleep modes for which there are significant gains, and to be able to efficiently use these with a reasonably small impact on other performance metrics.
In [5] an analysis of power savings in sleep modes with different transition times is made. A summary is presented in Figure 1 (borrowed from [6]). It is seen that there is a significant gain of supporting sleep modes (sleep mode 3) with transition times of 10ms. 
[image: ]
Figure 1 Power consumption in sleep modes with different activation times [6].
The model provided in [6] provides a good baseline to model the NW idle mode energy consumption which is primary determined by a time-line operation consisting of periodic SSBs, potential TRSs, paging PDxCH, and potentially other DCIs. Between such operations, the NW can have the opportunity to go to sleep based on the available sleep time.
Using the numerical values provided in [6] we can find out the NW energy consumption in each of the underlying operations. The table from [6] is repeated here for convenience. In this table the power values are related to a 20 MHz BW operation. 
Table 4 Numerical values of sleep power consumption versus state transition times for varies base station times according to [6]
[image: ] 
In this contribution, we illustrate using the large-scale antenna systems (LSAS) model to calculate the underlying NW energy consumption of different operations. This is viable considering the importance of LSAS in deploying NR. In finding the appropriate power consumption associated to each operation, BW scaling is used in order to find out the additional power of each operation on top of the none load power. E.g., in case of SSB, a SSB of 7 MHz is considered, and thus the total power on SSB transmission would be PSSB=PnLoad+7/20(Pfull-PnLoad)= 32.2+0.35(40.5-32.2)~35.1.
· SSB: 32.2+0.35(40.5-32.2)~35.1
· TRS: 40.5 
· Paging PDCCH/WUS (AL 8): 32.2+0.85(40.5-32.2) ~39.3
· Paging PDSCH: 40.5
· Sleep mode 1 (micro sleep): 21, with transition time 1 symbol (0.071 ms)
· Sleep mode 2 (light sleep): 4.1 with transition time of 1 ms
· Sleep mode 3 (deep sleep): 2.4 with transition time of 10 ms
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