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Introduction
In RAN1 #90bis, the following agreements were made:
Agreement #1:
IMR for SSS based RS-SINR shall be down-selected from the following alternatives:
· Alt 1: PBCH DMRS 
· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)
· No RRC impact is expected 
Agreement #2:
· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs
· FFS details
· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.
· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED
· FFS the applicability for IDLE mode inter-frequency measurement
· FFS details
Agreement #3:
· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· Measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing L3 mobility CSI-RS.

In this contribution, we discuss the remaining details of measurements and signals for mobility management.
[bookmark: _Ref178064866]Discussion
RRM measurement quantities and definition
[bookmark: _GoBack]RAN1 has agreed to support RS-SINR for mobility measurements. To perform this measurement, interference needs to be estimated. In agreement #1, two options were brought forward. Here, we propose 
[bookmark: _Toc498690076]The interference measurement resource for SS-SINR is SSS+PBCH DMRS.
The motivation for using only the PBCH DMRS for interference estimation was that the correlation properties among different SSSs was so good that the interference would be underestimated. However, in our understanding, interference estimation would be performed by subtracting the known SSS from the received signals, and for that type of algorithm, the good correlation properties of the SSS are an advantage.
To finalize the definition of the SS-RSRQ measurement, the measurement resources for SS-RSSI needs to be defined. Here, we should remember that the purpose of SS-RSRQ is to provide a measurement which provides an indication of both the signal strength and the load. The load is represented by the SS-RSSI measurement. Hence, SS-RSSI shoud be measured in REs where the NW may schedule PDCCH/PDSCH, meaning that we should avoid REs where other signals are transmitted, in particular REs with the SS block. Also, since the measurement is performed on neighbor cells, it should be easy for the UE to find them. Furthermore, there should also be a sufficient number of these REs, so that the measurement accuracy is good enough.
After detecting the any SS block, the UE can determine the slot boundary. Since the two first symbols in any slot carrying SS blocks are reserved for PDCCH, measuring SS-RSSI in these OFDM symbols would provide a good measure of the load in the cell. We also note that CSI-RSSI is measured in a single OFDM symbol. Hence, we propose
[bookmark: _Toc498690077]The default RSSI time-domain resource consists of the first 2 OFDM symbols in the slot where SSB is detected.
We note that the first 2 OFDM symbols in every slot is always reserved for PDCCH. Hence, using the first two OFDM symbols in several consecutive slots can be considered to improve measurement accuracy.
In the measurement definitions, there is still some unclarities, in particular regarding issues related to the antenna reference point, and how to handle the beamforming capabilities at the UE. Our understanding is that those issues are better discussed in RAN4. Still, in case RAN1 would like to provide input to RAN4, we propose the following addition to the relevant measurement definitions:
[bookmark: _Toc498690078]Add the following to all relevant measurement definitions: 
“The reference point for the {RSRP, RSRQ, SINR} shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding {RSRP, RSRQ, SINR}  of any of the individual sets.”
SSB based mobility
The SMTC window was introduced to make it easier for the UE to find the SS blocks for measurements. Now, the details of the SMTC window must be settled.
The SMTC window has a certain length, and so far, the only agreed length is 5ms. The finer granularity in the configuration, the more guidance the UE will get in the measurement procedure. However, the granularity comes at a cost of additional signaling. Since this signaling would be provided over broadcast, it is even more important to minimize the signaling. We believe that it is reasonable to use 2 bits to represent the SMTC window size. Hence,
[bookmark: _Toc498690079]Use the following values for the SMTC window size: {2,3,4,5}.
In addition, there has also been a discussion on specifying an offset to the SMTC window, so that the UE would know where the SMTC window starts. Here, it is important to note that the SMTC window should allow some inaccuracy in the NW synchronization. Hence, there may be a (small) offset between the synchronization position of the TRPs transmitting the SSBs. Clearly, the UE cannot know if neighbor cells have a negative or positive time offset w.r.t. the cell it camps on. The SS block of a neighbor cell may either start earlier or later than the SS block of the cell where the UE camps. To handle the case where the SS block of the neighbor cell starts before the SS block of the cell the UE camps on, the offset must be negative. On the other hand, positive offsets can never be used, since the SS block of the cell where the UE is camping would be outside the SMTC window in that case.
The inaccuracy in the synchronization determines the minimum offset. the relevant offset. As a rule of thumb, it is possible to synchronized NW nodes within 1ms, only using basic transport network synchronization mechanisms. Then, in TDD systems, much better synchronization is required, on OFDM symbol level. In this case, an offset value of zero can be used. Hence, we propose 
[bookmark: _Toc498690080]Use the following values for the SMTC offset: {-1ms, 0ms}.
In addition, RAN1 should clarify what the UE uses as time reference. Clearly, the frame structure of the serving cell should be used as a reference. We propose:
[bookmark: _Toc498690081]For SMTC window offset=0ms, the SMTC window starts at the frame boundary where the SS burst set of the cell where the UE camps starts.
CSI-RS based mobility
The CSI framework in NR is designed around CSI-RS resources, CSI-RS resource sets and CSI-RS resource settings, as well as CSI report settings. The CSI report settings control how reporting is done: periodic/aperiodic, and which quantity is reported, either CSI or RSRP. Clearly, the CSI report settings are not useful for L3 mobility, since the reporting quantity is controlled through other means (the measurement object), and the reporting mechanism is explicitly determined by RRC, either event-driven or periodic.
A CSI-RS resource described the properties of an individual CSI-RS resource. The RE mapping, sequence generation seed, periodicity and slot offsets are parameters that describe a CSI-RS resource. Clearly, that type of structure is relevant also for CSI-RS for L3 mobility.
A CSI-RS resource set is designed to enable reporting of CSI-RS resource index over PUCCH. Basically, the CRI is a pointer into a CSI-RS resource set, and the maximum CSI-RS resource set size is determined by the maximum CRI value, which relates to the PUCCH payload. Since the maximum number of CSI-RS resources in a set is quite small, there is little use in reusing the CSI-RS resource set.
Regarding the CSI-RS resource settings, there is currently an ongoing discussion to remove them from the specification, since the use case is unclear. Then, using CSI-RS resource settings for CSI-RS for L3 mobility makes no sense. 
[bookmark: _Toc498690082]Only CSI-RS resources are used for L3 mobility, whereas CSI-RS resource sets, CSI-RS resource settings and CSI report settings are not used.
To ease the UE measurements on CSI-RS for mobility, it is advantageous if as many as possible of the CSI-RS resources can be received at the same time, to minimize the time when the UE would have to turn on its receiver. For reception of the SS block, the SMTC window has been introduced to achieve this. For CSI-RS however, we note that a UE in C-DRX is not required to perform measurements on CSI-RS for L3 mobility outside its active time. Hence, since the measurements are only performed during periods when the UE is anyway prepared to receive PDCCH, the impact of the CSI-RS transmission times on the UE’s power consumption should be quite small. Still, making sure that all the CSI-RSs are transmitted close in time leads to a simpler design of, e.g., measurement gaps, so there is clearly a motivation from the NW point of view to utilize such a transmission scheme.   
[bookmark: _Toc498689358]The UE is only required to perform measurements on the CSI-RS for L3 mobility during non-DRX periods, and during the ON durations during DRX. 
Despite the smaller impact on the UE power consumption, the issue has been brought up if a window similar to the SMTC window is required for CSI-RS for mobility. Here, we note that the CSI framework enables to the network to control the transmission timing of each CSI-RS resource quite accurately, on frame, slot and symbol level. Hence, if all CSI-RS resources have the same slot offset, they will all fall in the same slot. This would provide the UE with a much more accurate knowledge of where the CSI-RS resources are than the proposed CMTC window. In our understanding, this is simply better and simpler than a separately signaled CMTC window. Hence, we propose
[bookmark: _Toc498690083]All CSI-RS resources defined for L3 mobility with the same PCI have the same slot offset, and no separate measurement window is defined.
We should also note that the CSI-RS resource parameters, e.g., the slot offset, specification only specifies where the UE can find the CSI-RS resources for measurements: the UE does not have to perform measurements on every occasion of the CSI-RS resource. The interval with which the UE is required to perform the measurements is decided by RAN4.
Furthermore, Proposal 8 is conditioned on that it is possible to define enough CSI-RS resources. Since all the CSI-RS resources have the same slot offset, Proposal 8 implies that one way to increase the number of CSI-RS resources is lost. If all CSI-RS resources have the same slot offset, other parameters of the CSI-RS resources, e.g., the sequence generation seed, must be different.
To proceed with the definition of the CSI-RS for L3 mobility, some additional configuration parameters need to be settled. In [2], RAN4 informs RAN1 about number of ports and densities for CSI-RS for beam management purposes. RAN4 clarifies that both 1-port and 2-port versions of the CSI-RS will provide sufficient accuracy, at least for beam management purposes. RAN4 also states that for single-port, the densities D=1,2,3,4,6, and 12 are feasible for single-port CSI-RS and density D=1 is feasible for the 2-port CSI-RS. 
In agreement #3, RAN1 has agreed the densities of CSI-RS configurations. For the 1-port CSI-RS, NR supports the densities {1/2,1,3}. For L3 mobility, the UE performs measurements at quite low SINR level, significantly lower than the SINR levels relevant for beam management. Hence, it is important that the UE receives enough energy from theRS used for mobility. As the energy is directly related to the density, higher density levels should be considered, and it is questionable if the currently agreed densities suffice. 
Furthermore, the bandwidth of the CSI-RS should be decided. Since L3 mobility needs to work for narrowband UEs, one CSI-RS with small bandwidth must be supported. Then, it may also be valuable to rely on a CSI-RS with larger bandwidth to provide better performance. 
Summarizing, we propose 
[bookmark: _Toc498672313][bookmark: _Toc498690084]NR supports the following CSI-RS configuration for L3 mobility
a. [bookmark: _Toc498672314][bookmark: _Toc498690085]Single-port CSI-RS for beam management with densities D=3, 6, 12
b. [bookmark: _Toc498672315][bookmark: _Toc498690086]At least 2 bandwidths: 26 subcarriers and one larger bandwidth
Using 2-port CSI-RS for L3 mobility is FFS.
The CSI-RS is mapped on REs inside the specified slot(s). This mapping needs to be specified. Here, the CSI-RS for beam management is targeting to support an RE mapping that would be adequate also for L3 mobility: an RE pattern which provides the NW the possibility to use full slots for beam sweeping. Hence, we don’t see a need to design a different RE mapping pattern for L3 mobility: 
[bookmark: _Toc498690087]Use the RE mappings defined for CSI-RS for beam management for CSI-RS for L3 mobility.  
When performing RRM measurements on the CSI-RS for L3 mobility, the CSI-RS resource will be used to distinguish different TRPs or beams. Obviously, if all parameters of two CSI-RS resources are identical, the measurements in these resources will always be identical, and cannot be used to distinguish measurement targets, i.e., TRPs or beams. Hence, parameters of CSI-RS resources used for L3 mobility must be different, to enable measurements on different measurement targets, i.e., TRPs or beams. In other words, the CSI-RS transmitted in different beams must be defined by different CSI-RS resources, and the parameter sets defining these resources need to be unique.  For instance, two different TRPs may utilize two different seeds to generate the CSI-RS sequence, and the UE will then be configured with two CSI-RS resources where the only difference is that the seeds are different. The UE will perform measurements on these two CSI-RS resources and report the results when triggered.
For beam management, it is sufficient to generate a small number of CSI-RS resources, and there is never any ambiguity in the reporting. In contrast, for L3 mobility, the NW may not know which TRPs/beams the UE can hear: the potential number of neighbors is huge, a well-known fact from any cellular deployment. 
[bookmark: _Toc498689359]When performing L3 mobility using CSI-RS, the UE would have to distinguish many more CSI-RS resources as compared to the beam management scenario, where all the CSI-RS resources are generated within the same cell.
When performing mobility based on the SS block, the UE is capable of detecting any of the 1008 PCIs, simply by correlating with each of the 1008 sequences. Note that this detection also involves time-domain correlation with the 3 PSS sequences, a procedure which is more complex than its frequency-domain counterpart. From practical cell-planning in LTE, having access to a large number of PCIs is necessary to provide good handover performance. LTE defines 512 PCIs, and at least that number of identities is required to perform efficient cell planning. 
Since the UE can detect 1008 SS block identities, we propose to dimension for the same number of CSI-RS identities for L3 mobility. Hence:
[bookmark: _Toc498690088]When configured, the UE should be able to detect 1000 CSI-RS resources for L3 mobility. 
Since the number of CSI-RS resources is large, there may be a need to optimize the signalling. In general, it is a bit premature to determine that some of the parameters are equal based on some related parameter. Instead, we propose to introduce the notion of a CSI-RS group, at least for the purpose of optimizing the signalling. The idea is that the network specifies some parameters on a CSI-RS group level, and some parameters on a per CSI-RS resource level. Hence, we propose
[bookmark: _Toc498690089]Introduce the concept of a CSI-RS resource group at least for the purpose of reducing the amount of signalling.
Note that a CSI-RS group may be different from a cell, e.g., several CSI-RS resource groups may have the same PCI property. 
Conclusions
In this contribution, we made the following observations:
Observation 1	The UE is only required to perform measurements on the CSI-RS for L3 mobility during non-DRX periods, and during the ON durations during DRX.
Observation 2	When performing L3 mobility using CSI-RS, the UE would have to distinguish many more CSI-RS resources as compared to the beam management scenario, where all the CSI-RS resources are generated within the same cell.

We make the following proposals:
Proposal 1	The interference measurement resource for SS-SINR is SSS+PBCH DMRS.
Proposal 2	The default RSSI time-domain resource consists of the first 2 OFDM symbols in the slot where SSB is detected.
Proposal 3	Add the following to all relevant measurement definitions:  “The reference point for the SSRQ shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.  If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRQ of any of the individual sets.”
Proposal 4	Use the following values for the SMTC window size: {2,3,4,5}.
Proposal 5	Use the following values for the SMTC offset: {-1ms, 0ms}.
Proposal 6	For SMTC window offset=0ms, the SMTC window starts at the frame boundary where the SS burst set of the cell where the UE camps starts.
Proposal 7	Only CSI-RS resources are used for L3 mobility, whereas CSI-RS resource sets, CSI-RS resource settings and CSI report settings are not used.
Proposal 8	All CSI-RS resources defined for L3 mobility with the same PCI have the same slot offset, and no separate measurement window is defined.
Proposal 9	NR supports the following CSI-RS configuration for L3 mobility
a.	Single-port CSI-RS for beam management with densities D=3, 6, 12
b.	At least 2 bandwidths: 26 subcarriers and one larger bandwidth
Proposal 10	Use the RE mappings defined for CSI-RS for beam management for CSI-RS for L3 mobility.
Proposal 11	When configured, the UE should be able to detect 1000 CSI-RS resources for L3 mobility.
Proposal 12	Introduce the concept of a CSI-RS resource group at least for the purpose of reducing the amount of signalling.
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