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Introduction
In prior meetings the following agreements were made within the Initial Access & Mobility agenda item:
Initial Access & Mobility

Agreement #A1:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 

Agreement #A2:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS

Agreement #A3:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format

Agreement #A4:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded

Furthermore, in RAN1#87ah-NR, the following agreement was made on power control[1]:
Agreement #B1:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.
· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS
· FFS: on multiple type of RS 
· FFS: other DL RS


In this contribution we discuss our views on which type/types of DL RS that should be utilized for estimating pathloss for UL power control. 
[bookmark: _Ref178064866]Reference Signals Supporting L3 Mobility
Summarizing agreements #A1-A4 related to L3 mobility, we have the following 
L3 IDLE Mode Mobility
· NR-SSS is used for DL-based RRM measurements
L3 CONNECTED Mode Mobility
· CSI-RS can be used for DL-based RRM measurement in addition to NR-SSS
· CSI-RS is configured at least through dedicated (UE-specific) RRC signalling
· CSI-RS for L3 mobility reuses the CSI-RS design for beam management as a baseline 
Figure 1 shows the structure of the NR-SS signal used for L3 IDLE mode mobility purposes. It is a periodic “always-on” signal that is comprised of multiple SS blocks within SS burst set period. Each SS block contains PSS, SSS, and PBCH, and the different blocks within a burst may be transmitted either in a beam sweeping or a wide beam manner depending on the deployment scenario and coverage requirements.
` [image: ]
[bookmark: _Ref480809242][bookmark: _Ref480960589]Figure 1: Structure of NR-SS signal used to support L3 IDLE mode mobility. The different SS blocks within a burst may be transmitted either in a beam sweeping or wide-beam manner depending on the deployment.
Figure 2 shows one configuration of CSI-RS used in addition to SS to support L3 CONNECTED mode mobility purposes. The use of CSI-RS in addition to SS is beneficial in deployments where mobility performance based purely on SS would be insufficient. Examples include deployment scenarios where SS is transmitted from multiple TRPs in an SFN manner or from “hidden” nodes not transmitting SS where in-bound mobility is still desired. Note that a key aspect of CSI-RS is that it is configured through dedicated (UE-specific) RRC signalling, and thus is not an “always-on” signal, unlike SS. In some deployments, CSI-RS could be turned off for energy efficiency purposes, for example, during very low load periods where handover events are infrequent.
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[bookmark: _Ref480810679]Figure 2: UE-specifically configured CSI-RS used in addition to SS to support L3 CONNECTED mode mobility. The different colors represent different beams transmitted, e.g., in a beam sweeping manner.
Hence, we make the following observation:
[bookmark: _Toc481746249]For mobility, SS is always present while CSI-RS is temporarily and UE specifically configured to be present. The CSI-RS can utilize the full beamforming capability of the gNB while the SS typically do not utilize the full beamforming capability as it is an always on signal and would consume too large overhead to scan the full coverage volume.
Reference signals for UL power control
In for instance LTE release 10 the setting of the UE Transmit power for a physical uplink control channel (PUCCH) transmission is defined as follows
.
Here  is the transmit power to use in a given subframe and  is the pathloss estimated by the UE. For PUSCH one instead use the equation 

where c denotes the serving cell and  is the transmit power to use in a given subframe. Also here we note that the pathloss  is a part of setting the power level for the UE transmission. Hence, the procedure on estimating the pathloss is an important part of the UL power control. 
Reference signals for path loss measurements
In agreements #B1, it was agreed that at least one type of DL RS for beam management is supported for pathloss measurement for purpose of UL power control and as listed in [2] a number of companies find that CSI-RS is a suitable choice. Based on this we identify the following options 
Option 1: Base the path loss measurement on CSI-RS only
Option 2: Base the path loss measurement on NR-SS only
Option 3: Base the path loss measurement both on NR-SS and CSI-RS
There are number of aspects that must be considered when choosing option and we list some of them below: 
A. Option 1 would result in that one need to configure a periodic CSI-RS to get the UL power control to work, hence the design will implicitly result in an always on periodic RS signal which goes against one of the design guidelines for NR. This will thus undo some of the design efforts made in other areas where “always-on” signals actively have been avoided.
B. NR-SS must be used for power control for PRACH, msg3 and msg5. Hence, this makes Option 1 infeasible from this perspective. 
C. Option 1 may result in increased latency since the configuration of CSI-RS is conveyed in system information, the UE must make sure that its CSI-RS configuration is up-to-date before the CSI-RS can be used for path loss measurements. This may hence result in an additional latency. This does speak in favour of options 2-3. 
D. Since SS is agreed to be an “always-on” periodic signal used for L3 mobility in both IDLE and CONNECTED modes it makes sense to use it for path loss measurements as well. It is however likely that the accuracy of using CSI-RS is higher which then motivates the use of CSI-RS in addition to SS. Therefore, after a CSI-RS has been configured, in a UE specific manner, CSI-RS can be used for pathloss measurement for PUSCH, PUCCH and SRS. An appealing property with basing the path loss estimation on CSI-RS is that it in many cases will reflect the full beamforming gain capacity of the gNB, for instance in the case of a precoded CSI-RS. The beamforming gain will then be captured in the path loss estimation. This reasoning speaks in favour of options 1 and 3.  
E. A very flexible CSI-RS framework is envisioned in NR estimating path loss based on CSI-RS has some implications. The CSI-RS framework will cover aperiodic, semi-persistent as well as periodic CSI-RS and in a given deployment only e.g. aperiodic CSI-RS will be used. Moreover, it is not guaranteed that a CSI-RS is always being transmitted once it has been configured due to the support of aperiodic and semi-persistent configurations. Hence, even if a UE has been configured with a CSI-RS is may be needed to fall back to SS in case that the CSI-RS is deactivated. Also this fact speaks in favour of option 3. 
F. For the case when the UL is received in the same TRPs from where the SS is transmitted option 2 will work. However, option 2 will not work well when the UL is received in one TRP but NR-SS is transmitted from another/several TRPs. Here it may then be beneficial with configuring certain CSI-RSs in order to reflect this use case better which speaks in favor of options 1 or 3. 
We summarize the statements above in Table 1 in terms of which options that meet the different listed aspects. As can be seen this summary speaks in favor of option 3.
[bookmark: _Ref481579619]Table 1. Summary on which options that fulfil the different listed aspects. 
	
	Option 1 (CSI-RS)
	Option 2 (NR-SS)
	Option 3 (CSI-RS and NR-SS)

	Aspect A
	
	✓
	✓

	Aspect B
	
	✓
	✓

	Aspect C
	
	✓
	✓

	Aspect D
	✓
	
	✓

	Aspect E
	
	
	✓

	Aspect F
	✓
	
	✓



Furthermore, is should be noted that the CSI framework provides very large configuration flexibility. Both option 1 and option 3 enables using the periodic CSI-RS signal supporting L3 CONNECTED mode mobility, as per agreement #A-2 and shown in Figure 2, if present. It is however possible to utilize other CSI-RSs also/instead. One possibility, covered by option 3, is for instance to use the following set of RSs for path loss estimation 
· NR-SS (as transmitted according to Figure 1)
· CSI-RS signal supporting L3 CONNECTED mode mobility (as transmitted in Figure 2). This CSI-RS, although UE specifically configured, is typically shared by many UEs within a cell and can hence be used as a cell specific CSI-RS. 
· UE specific CSI-RS which is configured and intended for a particular UE. 
The strength of basing path loss measurements on this set would be that there will always be something to measure on: NR-SS is “always-on” and if present the different kinds of CSI-RS could be utilized and may then provide more accurate measurements. 
Based on this discussion we make the following observations and proposal: 
[bookmark: _Toc477950941][bookmark: _Toc481746250][bookmark: _Toc474162078]Estimating pathloss based on CSI-RS has some appealing implications.  
[bookmark: _Toc481746251]Basing the pathloss estimation on UE specific CSI-RS will require that the pathloss estimation can be carried out also on at least one other DL RS signal since the CSI-RS is not always present. A suitable candidate is NR-SS which has been agreed to be a periodic “always-on” signal. 
[bookmark: _Toc473796417][bookmark: _Toc473796771][bookmark: _Toc474097660][bookmark: _Toc474097869][bookmark: _Toc474162084][bookmark: _Toc474165076][bookmark: _Toc474165779][bookmark: _Toc477942050][bookmark: _Toc477949650][bookmark: _Toc477949682][bookmark: _Toc477950742][bookmark: _Toc477950946][bookmark: _Toc480961505][bookmark: _Toc481588425][bookmark: _Toc481746253]Base the pathloss estimation for UL power control on both NR-SS and CSI-RS. Study further conditions on when the UE shall use which reference. 

Implications of utilizing multiple RSs for pathloss estimation
It is clear from the above equations describing  and  that the pathloss estimation conducted by the UE plays an important role in the PC and creating a framework where multiple RSs are utilized for path loss estimation comes with some implications. Consider for instance the case that CSI-RS and SS are used for path loss estimation and assume the following scenario: 
1. A UE is not configured with CSI-RS and will therefore need to base its pathloss estimation on SS. 
2. The UE is then configured with a CSI-RS and will base the path loss estimation on that.
From this example it is illustrated that there may be a switching between measuring on different types of RSs. These RSs are typically transmitted in very different ways and may hence constitute very different beamforming gains. It is beneficial to take this into account for the estimation of   since PUCCH and PUSCH will be received by the gNB while utilizing a beamformer gain which is not necessarily equal to the beamforming gain used for transmitting the RSs. One option would therefore be to complement the PC formulas with an additional term  such that 

and
.
It is here assumed that  is a term whose value is given from which RS that was used when estimating . Hence, if SS is used  takes on one value whereas if CSI-RS is used  takes on another value. These different values per RS type may furthermore be configurable from the gNB. Thus, by performing this configuration in an appropriate way it will be possible to let the UE compensate for the difference in beamforming gain by the gNB when receiving an UL transmission and when transmitting a certain RS.  
[bookmark: _Toc477950945][bookmark: _Toc481746252]Utilizing multiple RSs for pathloss estimation will imply that the UE potentially estimates the pathloss from signals corresponding to different beamforming gains. 
[bookmark: _Toc477942052][bookmark: _Toc477949652][bookmark: _Toc477949684][bookmark: _Toc477950744][bookmark: _Toc477950948][bookmark: _Toc481588426][bookmark: _Toc481746254]If multiple RSs are utilized for pathloss estimation in NR an offset  should be included in the PC formulas where the value of  depends on which RS that was used for conducting the pathloss estimation. 
It is also clear from the previous example that by letting the UE utilize multiple RSs for estimating the path loss there will also need to exist some kind of framework for which RS/RSs the UE should use at any given time. It appears difficult to do this in a standard transparent way, at least if the path loss estimation is based on CSI-RS, since the gNB may transmit a large number of CSI-RSs and only a subset of them is relevant to estimate path loss from. This is hence something that needs to be considered. 
[bookmark: _Toc477942053][bookmark: _Toc477949653][bookmark: _Toc477949685][bookmark: _Toc477950745][bookmark: _Toc477950949][bookmark: _Toc481588427][bookmark: _Toc481746255]If multiple RSs are utilized for pathloss estimation a framework should be defined so that it is clear on which RS/RSs a UE should measure on at every point in time.   
Conclusions
In this contribution we made the following observations:
Observation 1	For mobility, SS is always present while CSI-RS is temporarily and UE specifically configured to be present. The CSI-RS can utilize the full beamforming capability of the gNB while the SS typically do not utilize the full beamforming capability as it is an always on signal and would consume too large overhead to scan the full coverage volume.
Observation 2	Estimating pathloss based on CSI-RS has some appealing implications.
Observation 3	Basing the pathloss estimation on UE specific CSI-RS will require that the pathloss estimation can be carried out also on at least one other DL RS signal since the CSI-RS is not always present. A suitable candidate is NR-SS which has been agreed to be a periodic “always-on” signal.
Observation 4	Utilizing multiple RSs for pathloss estimation will imply that the UE potentially estimates the pathloss from signals corresponding to different beamforming gains.

Based on the discussion in this contribution we propose the following:
Proposal 1	Base the pathloss estimation for UL power control on both NR-SS and CSI-RS. Study further conditions on when the UE shall use which reference.
Proposal 2	If multiple RSs are utilized for pathloss estimation in NR an offset  should be included in the PC formulas where the value of  depends on which RS that was used for conducting the pathloss estimation.
Proposal 3	If multiple RSs are utilized for pathloss estimation a framework should be defined so that it is clear on which RS/RSs a UE should measure on at every point in time.
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