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Introduction
In RAN1#86bis, it was agreed that for L3 mobility based on DL measurement in CONNECTED mode UE at least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement. Companies in RAN1 also agreed to 
· Study the following DL signals for CONNECTED mode RRM measurement:
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· Option 2: RS for mobility
· FFS how to associate it with beam-ID and/or Cell-ID
· Option 3: RS for demodulating broadcast channel
· Option 4: A combination of option 1 and 2
· Other options are not precluded
· Study the following options for RRM measurement quantities to be reported for L3 mobility:
· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)
· Option 2: derived per beam
· Option 3: A combination of option 1 and 2

In [1], the need for active mode mobility signals is discussed that are self-contained and support synchronization, TRP identification, and signal quality measurement functions. In [2], a proposed signal format for active mode mobility measurement signals has been presented. 
When the MRS transmissions from a set of neighbouring cells are properly coordinated, the beam IDs carried by the individual MRSs are unique. The UE can report the measurements using detected the beam ID only and the network can associate the reported beams to their originating cells/TRPs. The UE can explicitly recognize the MRSs originating from its serving cell using prior RRC configuration info. However, in some cases it may be advantageous for the UE to also group MRSs from other, non-serving cells according to their origin. 
In this paper we first compare the 4 options for DL signals for CONNECTED mode RRM measurement and discuss the motivation for providing the grouping information. Subsequently we propose a design extension for the DL RS to be used for mobility according to option 2 or option 4. 
[bookmark: _Ref178064866]Discussion
Comparison of alternatives 1, 2, 3 and 4
Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS) 
In option 1, an obvious candidate is the NR-PSS/NR-SSS that is envisioned to encode the NR Cell ID and provide support for Idle mode operation such as RRM measurement for cell selection and cell reselection, synchronization for decoding system information, DL synchronization reference for PRACH resources, etc. The main benefit of using that signal is that this would avoid the definition of a new RS for mobility. However, the problem of using the NR-PSS/NR-SSS, as discussed in [1], is that one would either be forced to transmit them it with very narrow beamforming and create the overhead of transmitting PBCH for every narrow single beam (so that the UE is able to detect them while it also decodes beamformed data channels) or measurement gaps would need to be configured, which represents additional overhead and reduced data rates. In addition, one would be forced to adjust the periodicity of idle mode operation to fulfil active mode mobility requirements. This might require signals to be transmitted more often. The same concerns apply for any other cell-specific reference signals.
Another problem of option 1 is the fact that it might be challenging to the UE to distinguish beams from a given TRP assuming there could be few wide beams transmitting the same NR-PSS/NR-SSS (and/or another cell specific RS). For L3 mobility this ability to distinguish beams might be necessary to perform RRM measurements per beam e.g. in the case one shot measurements are not support and the UE needs to average multiple occasions of the same beam which could be more challenging in option 1. Another reason is that the UE should report RRM measurements of neighbour cells to the serving cell and, in that case, reporting that a given cell is better than the simply hides information to the serving cell. In analog and/or hybrid beamforming the base station receiver may use Rx beamforming for PRACH and that would be associated to a given beam and/or group of beams from the same TRP. In that case, not informing which beams and/or which PRACH resource to access may lead to either the UE not accessing the PRACH resource associated to the beam the UE is trying to access (i.e.) creating UL interference and/or not having proper PRACH coverage) or the requirements that the UE needs to read PBCH from a neighbour beam every time a handover needs to be executed, which is not the case today in LTE. 

RS for mobility
In option 2, a new RS used for mobility would enable the network to have the flexibility to transmit that signal to fulfil specific requirements to mobility in RRC CONNECTED. Defining a new signal would enable the network to transmit these MRSs with different beamforming configuration as defined for idle mode operation e.g. MRS transmission in narrow beams (to avoid the need to create measurement gaps when NR-PSS/NR-SSS are transmitted in wide beams, and/or omnidirectional and/or in SNF) while the NR-PSS/NR-SSS/PBCH could be transmitted in wide beams (to reduce the overhead of system information transmission). In addition to the possibility to configure beamforming differently, a new signal would also enable the usage of different periodicities, important to enable large DTX cycles for energy efficiency, especially important in Idle mode.
How to associate this mobility RS with a beam-ID and/or Cell-ID
An open question related to option 2 was whether to associate this mobility RS with a beam-ID and/or Cell-ID. Our view is that the mobility RS should carry at least a beam ID in order to support L3 mobility to mitigate the challenges inherent from option 1. However, in order to achieve the flexibility of configuring the MRSs to fulfil requirements of active mode mobility e.g. having different beamforming properties than NR-PSS/NR-SSS designed for idle mode operation, and, at the same time, achieve some benefits of associating the mobility RSs to the NR-Cell used for idle mode operation, different solutions should be studied such as:
· Option a) Define a group of beams by the range of MRS identifiers. The association between identifiers and the cell ID can then be done
· Option b) Define a group of beams by the frequency resources they are transmitted. The association between the frequency resources the MRSs are transmitted and the cell ID can also be done via system information.
· Option c) Encode the cell ID used for idle mode and the beam ID in the mobility RS 
· FFS how the these are encoded e.g. using a single modulation sequence 

RS for demodulation broadcasting channel 
Assuming the usage of Rx analog beamforming for PRACH detection there is the possibility to have beam-specific PBCH so that the UE could simply use these reference signals to decode PBCH to also measure the quality of each beam and fulfil the requirements discussed in 21.2. In that case the UE would be able to group these beams using the NR-PSS/NR-SSS. However, it is unclear whether at the end these PBCH RSs will also be required to be beam-specific RSs to avoid the interference across beams transmitting different PBCH content. 

Combination of options 1 and 2

Considering the benefits of option 2 and some of the advantages of option 1, especially in the case where there is no need to transmit these RSs  for RRM measurements in narrow beams e.g. in lower frequencies and/or when the UEs are not always transmitting with very high data rates and measurements gaps do not need to be configured or are not a problem, it seems very reasonable to assume that the network should have the flexibly to either configure the UE to measure on the NR-PSS/NR-SSS (even including RSs used for PBCH) and/or newly design mobility RSs which could encode some notion of group of beams that can be associated with the cell ID used in idle. 
[bookmark: _Toc465856386][bookmark: _Toc465945550]Supporting both IDLE cell signals and ACTIVE mobility RS with an optional possibility to identify the originating cell for ACTIVE mode mobility allows a range of network solutions to match particular deployment conditions and operator preferences.

Potential benefits of MRS grouping
Downlink based active mode mobility is based on comparing measurements on an MRS belonging to a serving node with other MRSs. The UE needs to know which MRSs belong to the serving node and this is denoted the “serving MRS set”. For the purpose of reporting if an “away MRS” (an MRS not in the serving MRS set) is better than an MRS in the serving MRS set the UE does not need to know which node the away MRS belongs to.
In case the UE knows that two MRSs belong to the same node then it may e.g. start the time to trigger (TTT) for the MRS measurement reporting when the first away MRS triggering conditioning occurs. If the UE then notice that the second away MRS becomes better, it can keep the TTT running. 
[bookmark: _Toc465842693][bookmark: _Toc465856387][bookmark: _Toc465945551]In case the UE knows that a set of away MRSs belong to the same node it may e.g. use this knowledge when deciding if the time-to-trigger (TTT) have to be reset or not.
Another thing the UE can do in case it knows that two or more away MRSs belong to the same node is to combine the two measurements into a composite measurement that may better reflect the quality the UE can expect after a handover.
[bookmark: _Toc465842694][bookmark: _Toc465856388][bookmark: _Toc465945552]In case the UE knows that a set of away MRSs belong to the same node it may e.g. use this knowledge to generate a composite estimate that may better reflect the quality the UE can expect after a handover.
Both these potential benefits are relatively weak and in many situations neither of these benefits will matter. It is unclear how much these potential benefits will increase the stability of the NR system. In case these potential benefits require a significant additional signalling cost then it is important that the associated signalling becomes optional.
[bookmark: _Toc465842695][bookmark: _Toc465856389][bookmark: _Toc465945553]The cost of providing the UE with information related to grouping of MRSs may be significant.
MRS design criteria assuming options 2 and 4 
According to [1] and [2], the MRS should be dynamically configurable (which beams, how often, shape, etc.), self-contained (all MRS-related info in same beam, activated/deactivated together) and not relying on multiple signals with different coverage properties. It should allow synchronization, beam detection, quality measurements and provide an address space of hundreds of unique beams. The BIDs should be locally unique (inter-TRP/cell coordinated) so that when UE reports a received beam ID, the NW knows which TRP/cell it corresponds to. The per-beam duration should be kept short to allow fast beam sweep/scan.
For the purpose of providing a concrete example, we consider a baseline MRS configuration according to [2] that provides an effective beam ID (BID) address space provided by the MRS is thus approximately 10 bits, transmitting in 95 REs. It has also been agreed that the number of CID (corresponding to the PCI in LTE) should be at least the same as in LTE, i.e.504, but in order to support denser networks a doubling should be consider, resulting in a 10 bits ID. 
Inclusion of CID in MRS 
For the UE to be able to recognize that certain candidate beam MRSs come from the same (non-serving) cell, (e.g. MRS-4 and -5 coming from NR cell 2 in the Figure) relevant cell identifier (CID) should be associated with the MRS transmission. 
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Figure 1: Example with 3 MRSs in the serving MRS set (MRS-1, MRS-2, MRS-3) and 4 away MRSs (MRS-4, to MRS-7).
[bookmark: _Toc465780630][bookmark: _Toc465789653][bookmark: _Toc465842696][bookmark: _Toc465856390][bookmark: _Toc465945554]To enable non-serving cell MRS grouping, cell identifier (CID) info may need to be associated with the MRS transmissions.
The CID info may have a local scope (SS/PCI) or of a global scope (e.g. the global cell ID used for ANR). In this discussion, in order to minimize the additional resource impact, we will focus on the local CID, equivalent to the PSS/SSS information. However, the CID info does not need to assume the same physical format as in e.g. the PSS/SSS transmission.
[bookmark: _Toc465780631][bookmark: _Toc465789654][bookmark: _Toc465842697][bookmark: _Toc465856391][bookmark: _Toc465945555]It is preferable to associate the local CID info in the MRS due to lower resource usage impact.
Options for including the CID 
Since the total length of the BID+CID set will be on the order of 20 bits, it is not suitable for single-message sequence modulation. We therefore propose multiple approaches of providing the BID-to-CID mapping info. 
Adding CID as a sequence-modulated field
The CID info is added as a separate field, separate from the TSS+BRS fields, but linked to it in an unambiguous manner using scrambling. 
[image: ]
Figure 2: Example where the CID is transmitted in association with the MRS (TSS/BSR) as two 5-bit sequence modulated sequences. In order to unambiguously associate the CID transmission parts (CIDa and CIDb) they are scrambled e.g. with the MRS identity.
To accommodate 10 bits of CID without requiring excessively long sequences, the CID field is divided into two length-5 sub-fields CIDa and CIDb that are separately sequence modulated, using e.g. M-sequences. The CIDa and CIDb fields are scrambled in the frequency domain with a scrambling sequence derived from the BID in the MRS. The UE thus first detects the MRS in time and frequency domains, next extracts the scrambling sequence, and detects the contents of the CIDa and CIDb fields in the frequency domain. Since scrambling is removed prior to detection, the cross-correlation properties of the CID sequence are not negatively affected by scrambling.
This approach keeps the duration of each beam transmission in a beam sweep to a single symbol.  
Adding CID as a conventionally encoded field
Here also, the CID info is added as a separate field in the transmitted MRS beam, separate from the TSS+BRS fields, but using conventional modulation and encoding. 
[image: ]
Figure 3: Example where the CID is transmitted in association with the MRS (TSS/BSR) as a “conventionally encoded field” in a physical channel. The physical channel containing the associated CID can be made unambiguous by using a DMRS or a scrambling code derived from the MRS identity.
The CID field is now a sequence of encoded and QAM-modulated symbols occupying REs in the same single symbol as the TSS/BRS fields. The CID field contains REs with DMRS for the purposes of channel estimation, indicated with black in the figure. Encoding scheme and rate of the CID field is chosen appropriately to provide a sufficient link budget. 
The UE first detects the MRS in time and frequency domains, next extracts the DMRS sequence as a function of the BID, and finally estimates the channel and demodulates/decodes the CID field. 
As above, this approach keeps the duration of each beam transmission in a beam sweep to a single symbol.  
Providing CID using a PDCH container 
The CID info is added as a separate PDCH transmission, transmitted with same beamforming as the TSS/BRS fields. 
time
Periodic MRS
Cell ID

Figure 4: The CID associated with a particular MRS may be periodically scheduled using a PDCCH/PDSCH configuration derived from the MRS identity. This PDCCH/PDCH configuration need then to be transmitted using the same beamforming as the associated MRS.
The CID field is a conventional PDCCH/PDCH transmission containing the CID info. Not every MRS transmission needs to be accompanied by the PDCH container.
The UE first detects the MRS in time and frequency domains. The BID info maps either to a RNTI for receiving the PDCCH which in turn points to the PDCH. Alternatively, the BID info may map to the PDCH parameters (RBs, DMRS, MCS etc.) directly.
Providing CID info via dedicated control signalling to the UE 
The UE may be previously configured with mappings between the possible BIDs conveyed by the MRS and their corresponding CIDs. The MRS transmissions then keep the original format of [2] and no CID info is conveyed over the air.
This approach is an efficient solution for deployments with wide-beam, periodic MRS transmissions where the MRS-to-cell mapping changes infrequently. Whenever a change occurs, the NW reconfigures the UE with the updated mapping.
Inferring same originating cell from MRS ID sub-range
A predetermined set of BID bits conveyed by the MRS may be allocated as locally unique for a given originating cell, forming a group ID. For example, the 4 MSBs in a 10-bit BID could be the same for all beams originating from a certain cell, while the 6 LSBs could be beam-specific.
The BID bits may be conveyed in different dimensions of the MRS signal (time/frequency/TSS sequence/BRS sequence) and the group ID bits extracted upon MRS reception. A special case of separating a group ID field in the BID bits is by transmitting the group ID field as a separate signal that the UE can receive disjoint from the rest of the BID bits in the MRS.
Inferring same originating cell from MRS frequency
Each cell in a local neighbourhood is allocated a distinct frequency subband for MRS transmission. All MRSs detected in a certain subband may then be assumed to originate from the same cell. 

Additional comments
The MRS design of [2] can be contained in a subband consisting of less than 100 REs. The additional CID info according to option 1 would occupy 60+ REs. The original 100-RE allocation may be considered a relatively limited one for AMM measurements and there have been suggestions that, in some scenarios, a wider MRS allocation could improve measurement robustness. Instead of using the additional BW, or the additional REs, to provide redundant BID information, they can be used to provide CID information. 
[bookmark: _Toc465780632][bookmark: _Toc465789655][bookmark: _Toc465842698][bookmark: _Toc465856392][bookmark: _Toc465945556]In wider-band MRS configurations, the inclusion of CID may not imply a significant resource usage increase. 
It should be recognized that adding CID information in MRS transmission amounts to transmitting more control information any time the MRS beams are active. 
[bookmark: _Toc465789657][bookmark: _Toc465842699][bookmark: _Toc465856393][bookmark: _Toc465945557]CID information transmission in MRS consumes system resources.
In some types of deployments, the per-cell grouping of non-serving MRSs and the associated CID info is not required. Instead, the UE may report each non-serving-cell BID as originating from a different cell, or the MRS transmission features may be used by the UE to infer that certain beams originate from the same cell. The inclusion of the CID field in MRS, or providing the CID info by other means, should therefore be configurable. 
[bookmark: _Toc465780634][bookmark: _Toc465789658][bookmark: _Toc465842700][bookmark: _Toc465945544]The inclusion CID info in MRS, or other grouping support features, should be configurable by the NW. 
The same principles as discussed above may be used if the MRS is not compact in the configured BW, but allocated to non-contiguous groups of REs within the MRS BW.
Conclusion
In section 2 we made the following observations:
Observation 1	Supporting both IDLE cell signals and ACTIVE mobility RS with an optional possibility to identify the originating cell for ACTIVE mode mobility allows a range of network solutions to match particular deployment conditions and operator preferences.
Observation 2	In case the UE knows that a set of away MRSs belong to the same node it may e.g. use this knowledge when deciding if the time-to-trigger (TTT) have to be reset or not.
Observation 3	In case the UE knows that a set of away MRSs belong to the same node it may e.g. use this knowledge to generate a composite estimate that may better reflect the quality the UE can expect after a handover.
Observation 4	The cost of providing the UE with information related to grouping of MRSs may be significant.
Observation 5	To enable non-serving cell MRS grouping, cell identifier (CID) info may need to be associated with the MRS transmissions.
Observation 6	It is preferable to associate the local CID info in the MRS due to lower resource usage impact.
Observation 7	In wider-band MRS configurations, the inclusion of CID may not imply a significant resource usage increase.
Observation 8	CID information transmission in MRS consumes system resources.

Based on the discussion in section 2 we propose the following:
Proposal 1	The inclusion CID info in MRS, or other grouping support features, should be configurable by the NW.
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