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1
Introduction
During the past meetings, RAN1 has agreed various reference signals and procedures to be used in IDLE and CONNECTED mode of NR. In this contribution, we present a summary of the agreements taken in Initial Access and MIMO sessions, and most importantly we elaborate on the remaining open issues which require specification along with the system operation.
2
Discussion
In below discussion, we refer mainly to the agreements taken so far in NR, acknowledging that some aspects are still pending decision. We also consider both below and above 6GHz operation, if not stated otherwise, one goal of the design being to have a unified and scalable specification across carrier frequencies.

2.1 
IDLE mode operation
2.1.1 
Signals transmitted in IDLE mode 
SS block

Initial access to the NR system is based on SS blocks which comprise of consecutive NR-PSS, SSS and PBCH. Each of these signals occupies an OFDM symbol, exception being the PBCH which occupies two OFDM symbols. The default periodicity that UE can assume for initial cell selection the SS burst set is of 20 ms. For connected/idle mode this periodicity can be configured (from the set of 5, 10, 20, 40, 80, 160 ms), for both stand-alone and non-stand-alone cells. Thus, UE can assume that the given SS block will be repeated every SS burst set period. This means that for example every 20 ms the UE is advertised with the set of beams (through the synchronization signals) configured in the system. (Note: agreed SS block terminology is: PSS, SSS and PBCH are transmitted within a SS block, one or multiple SS blocks compose an SS burst, one or multiple SS bursts compose a SS burst set). An SS block can be transmitted via one or multiple superposed beams, the exact method being an implementation/deployment specific issue of the gNB and being dependent for example on the number of TXRUs which are used in the gNB. For the sake of the discussion we can assume that SS block can be spatially formed by for example transmitting signals over four individual beams or TRPs, which superpose the SS block. This could correspond to different kind of deployment, depending on the frequency range, e.g. SFN-type of deployment or beamformed transmission. Of course, from UE perspective if multiple beams are superposed in the SS block, these are transparent to the UE, hence no identification of the underlying beams is possible as such (through SS block alone, at least based on the current agreements), the UE discovers the most powerful beam in the SS block but is unware of the number of beams superposed in one SS block.
Observation: If multiple beams are superposed in the SS block, the individual beams cannot be identified (at least based on the current agreements).
Based on the above description, the system seems to support by default as SFN type of transmission for the SS block. Indeed, as the beams transmitted in a single SS block are superposed, the same characteristics happens across the SS blocks transmission from other TRPs, all the beams in the overlapping SS blocks transmitted with the same NR-SSS Physical Cell identifier (PCID) are creating an SFN area. An important aspect is the beam width used for the individual beams forming the SS block. All beams transmitted from a TRP may have the same beam widths, but it is clear that from a flexibility perspective: 1. different transmission points will have a different number of beams part of the SS block, 2. There can be different beam widths used in different SS blocks. While these are implementation choices, the standard need to show flexibility in allowing such configurations.
Observations:
· Different transmission points may have a different number of beams transmitted in the SS block, 
· There can be different beam widths used in different SS blocks of same or different TRPs.
Mobility functionality
In addition to the SS block, the IDLE mode operation provides the mobility functionality. More precisely, it has been agreed that NR supports cell-level mobility based on DL cell-level measurements performance by the IDLE mode UE. The agreed signals used for RRM measurements for L3 mobility are the NR synchronization signals, more precisely NR-SSS. The DMRS of PBCH is also a candidate for this purpose. Note that how the cell-level quality is derived based on the SS-Block-RSRP(s) is FFS.
Observation: At least NR-SSS is used for IDLE mode mobility measurements. 
2.1.2
Measurements performed in IDLE mode
In IDLE mode, the UE is performing RSRP computation based (at least) on NR-SSS, more precisely one RSRP value is measured per SS block. It is for further study if UE can measure one RSRP value from multiple SS blocks within a SS burst set. As an example, if four beams are superposed in one SS block and network transmits 4 SS blocks, this means that the UE measurements can (if all SS blocks are heard by the UE) cover overall the 4 superposed SS block beams. As discussed earlier the UE does not identify the beams inside the SS block, nor reports the RSRP of all the SS blocks without identifying further the beams inside. 

From a deployment perspective, the main question seems to be how many beams are inside an SS block? The two extremes are the following: 

1. the system operates with a wide, single beam inside the SS block. This is a low overhead, fast access configuration, but likely may suffer from poor coverage in high carriers and may lead to poor TRP attachment (ping-pong effect between TRPs). Nevertheless, this is the configurability at least for very low carriers. 

2. the system uses narrow beams inside each SS block (which are superposed forming a composite beam). Naturally due to the TDM multiplexing inside the SS block, not too many SS blocks can be used, an incentive being to use as many beams inside an SS block, but this being a potential HW limitation of the gNB.
2.1.3
Summary of IDLE mode reference signals and measurements

The currently agreed reference signals used for IDLE mode measurements are at least NR-SSS. It is agreed that UE measures one RSRP value, SS-block-RSRP, per SS block, and the SS-block-RSRP values can be used to identify the cell-level quality (how to derive it is up to RAN2). This implies that based on these kind of IDLE mode measurements, and the SS block association in RACH resource selection, the network can know (the best cell and) the best beam in synchronisation beam level where the UE can be attached for CONNECTED mode, but not yet necessarily at the best TRP level, nor has any information at the beam level.
The current limitations of the existing RS, measurements and reporting is the lack of TRP identification inside the cell, not to mention the beam level identification. These can be certainly part of the L1/L2 measurements and beam management, but in general we think it is important to investigate means to get faster access of the UE to the TRP and further to the serving beams.
Based on the current transmitted signals and the corresponding reporting, there seems not possible to identify the best set of beams transmitted inside the SS block, but acquiring the timing of the best (synchronisation) beam is possible. Hence, there is the option that the TRPs are not transmitting the SS burst at the same time, and hence can be identified based on the SS block index/RACH association. Such configuration is unfortunately far from being practical, especially if large set of TRPs/beams are superimposed to one SS block, for the following reasons: 1. The SFN effect of the SS burst transmission is lost, 2. Not transmitting the SS block in an overlapping fashion from all TRPs would introduce interference to the shared channels transmitted by the non-SS block transmission, 3. The overlapped (SFN) transmission of the SS block can increasing the detection probability of the sync signals. 

In RAN1#88bis it has been proposed [2], and summarized below, to introduce CSI-RS transmission in the IDLE mode. 
	· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.

· Opt. 1: SS blocks

· Opt. 2: Cell-specifically configured CSI-RS

· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)

· Opt. 3: No additional option


There are a few pros and cons to such operation. The CSI-RS can provide the needed beam/TRP spatial resolution, something the SS block is not able to provide as previously described. This comes, however, at the expense of further overhead of the CSI-RS sweeping operation, something which anyway happens in CONNECTED mode. Based on the current design, the SS block does not provide detailed spatial information, hence the CSI-RS configuration is needed for true P1 procedure. The SS-block-RSRP with SS block timing index is able to identify the superposition beam which is used to transmit particular SS block, and the CSI-RS refinement can happen on those particular beams. 

Observation: SS-block-RSRP together with SS block time index facilitate the beam management procedures upcoming in CONNECTED mode. However, in case of large set of superposed beams this may not be sufficient.
From the always-ON reference signals perspective, it has been agreed that NR supports periodic CSI-RS which can be configured by higher layers and can be semi-statically configured/re-configured. Also, NZP CSI-RS resources are identifiable by CRI (CSI-RS Resource Indicator), this functionality being used for selection and reporting of indices for N out of K NZP CSI-RS resources. The CSI-RS are UE specific, but it is understood that multiple UEs (which may be all UEs in a cell) may be configured with/share the same CSI-RS resources.
In order to make use of the CSI-RS in IDLE mode, a few aspects need to be resolved: 1. The CSI-RS configuration needs to be informed to the UE. Now that RAN1 agreed to have the same framework for CSI-RS and beam management, this might not be that facile. The N reporting setting, M resource setting corresponding to the CSI-RS configuration, need to be signalled in system information. Also, the RSRP reporting needs to be conveyed to the gNB, likely the RACH being the only available channel. An open question is if the CSI-RS configured to the UE are only from one cell or the UE can be indicated CSI-RS configurations from multiple cells? A cell handover at beam level would definitely be the ultimate seamless transition between cells/beams, but it seems the current framework is still far from achieving such an operation mode.
Nevertheless, it seems worth considering further the improvement of IDLE model measurements in order to provide more flexibility to the CONNECTED mode beam management.

Measurements of CSI-RS in IDLE mode may be seen as an increased UE complexity. However this can be minimized as follows: during the NR-SS the UE is identifying the best NR-SS block and hence the beams therein, if the CSI-RS sweeping has a similar configuration as the NR-SS, hence there is a correspondence between the two, the UE can perform CSI-RS measurements only in the symbols of interest. In other words, using NR-SS and the linked CSI-RS would provide a hierarchical search with reduced complexity. Furthermore as agreed, UE would not need to monitor the CSI-RS in IDLE mode for L3 mobility purposes, which would help to reduce the UE measurement burden. 
2.2 
CONNECTED mode operation
2.2.1 
Signals transmitted in CONNECTED mode 

SS block

Signals in SS block are available for CONNECTED mode as well, but as described above, the spatial resolution of SS block can be insufficient. When multiple beams are superposed in SS block, but as long as these cannot be identified, it means the UE simply cannot know the beam ID, etc, based on the current agreed framework. In fact, for now the SS block functionality seems more oriented towards acquiring the synchronization and identifying to the cell.
CSI-RS
CSI-RS have been agreed to be used for CONNECTED mode RRM measurements for L3 mobility, in addition to the IDLE mode NR-SS. As described in the previous section, the CSI-RS configuration needs to be provided to the UE, and this is done based on dedicated RRC signalling, other options not being precluded. 
2.2.2
Measurements performed in CONNECTED mode 

RSRP is measured from both of the discussed reference signals configured in CONNECTED mode, i.e. SS block RSRP and CSI-RS RSRP. These measurements may have different characteristics. The SS-block-RSRP reflects the spatial filtering used in the transmission of the NR-SSS. On the other hand, the CSI-RS RSRP may reflect a different spatial filtering, if wide beams are used for NR-SSS and narrow beams for CSI-RS. 
Similar ambiguities regarding the spatial filtering exist also at the UE side. One UE implementation may utilize different UE spatial filtering when receiving the SS block and a different spatial filtering when receiving CSI-RS. In other words it can use wide UE Rx beam for SS block and narrow UE Rx beam for CSI-RS. The UE can however utilize the same UE Rx beam and even use these different transmitted signals for P3 procedure, as long as same spatial QCL would be indicated between SS-block and CSI-RS. 

Observation: Current UE CONNECTED mode DL RRM measurement quantities for L3 mobility are SS-block-RSRP and CSI-RS RSRP. 
2.2.3
Summary of CONNECTED mode reference signals and measurements

The following agreement was taken during RAN1#88bis [3]:
	· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS


CSI-RS are agreed to be used for L1/L2 measurements. However, it is unclear what would be the benefit of using SS-block also. To start with, the periodicity of CSI-RS is likely to be higher compared to NR-SS. Hence the measurement opportunities are better on CSI-RS. This is further amplified by the network desire to reduce the SS block transmission related overhead and enhance the power saving opportunities, by configuring long periodicity for the SS burst set. From the number of samples the UE can gather in a time window, we see little benefit of adding NR-SS to CSI-RS. The spatial filtering used for the beams in NR-SS may be different than what is used for CSI-RS. This makes it difficult for allowing the RSRP combining/averaging across these two types of signals. In addition, supporting a unified format for L1-RSRP measurements report of SS-block and CSI-RS would introduce further restriction to the gNB beam configuration while the benefits are unclear. Finally, additional signalling would be needed to indicate the spatial QCL between NR-SS and CSI-RS as well as to indicate which beams from the NR-SS can be combined to the beams from CSI-RS.
Observation: combining NR-SS and CSI-RS for a unified L1-RSRP measurement report would imply network configurability restriction and additional signalling overhead. 

Proposal: L1/L2 measurements are done based on only CSI-RS.
Proposal: It should be possible to report separately SS block RSRP and CSI-RS RSRP for the L3 mobility purposes.

3
Summary

In the previous chapters, we have discussed about the IDLE and CONNECTED mode RS and measurements. In short, the RS summary based on the current agreements is shown in the table below (greed highlights are the agreed functions, yellow highlights are additional proposals).
Table 1: Reference signals used in IDLE and CONNECTED mode

	
	L1/L2 procedures
	L3 procedures

	IDLE mode
	[CSI-RS proposed]
	NR-SS
[CSI-RS proposed]

	CONNECTED mode
	CSI-RS
[NR-SS proposed] 
	NR-SS & CSI-RS


Our observation is that the current IDLE mode operation is too conservative in providing a good support for the beam management procedures. The initial access procedure could be enhanced by allowing better beam identification from an early stage of system access and this can be obtained by allowing the reporting of RSRP based on all the configured SS blocks in the SS burst and also by allowing the configuration of CSI-RS, provided that the CSI-RS configuration is possible in system information and the reporting does not become a bottleneck in RACH.

Associating PRACH resources for DL RS, e.g. CSI-RS, would provide means for the UE to indicate via PRACH resource selection the preferred DL beam for NR-PDCCH and NR-PDSCH transmission for Msg2. If the association was between SS block and PRACH resource, in this scenario the cell would need to use more resources than would be needed for Msg2 transmission. Those resources could be used for other UEs if the gNB would know the preferred individual DL beam and not only the preferred SS block which comprises multiple individual beams.
Observation: In typical NR deployment, association between RACH resources and CSI-RS uniquely identifying gNB beams is needed for efficient system operation.

Furthermore, beam recovery procedure in beam management requires fast beam re-acquisition. In there, UE triggered procedure based on resources multiplexed with PRACH resources is one feasible approach and where it would be preferable to re-acquire refined beam as soon as possible and thus we consider that resources used for beam recovery purposes and are multiplexed in FDM manner with PRACH resources should support association to CSI-RSs.

Proposal: Support also cell specific CSI-RS to PRACH resource association.  

On the other hand, we see little benefit of using NR-SS in L1/L2 procedures, basically because CSI-RS is a more friendly RS containing more information and being closer to the final desired narrow beams where the actual transmission needs to happen.

Proposal: L1/L2 reports based on SS-block measurements for beam management are not supported.
4
Conclusions
In this contribution we have provided views with respect to the proposed new measurements to be performance for beam management and mobility. The following observations and design guidelines are concluded:
Idle mode

Observations: 
· If multiple beams are superposed in the SS block, the individual beams cannot be identified (at least based on the current agreements).
· Different transmission points may have a different number of beams transmitted in the SS block. 
· There can be different beam widths used in different SS blocks of same or different TRPs.
· At least NR-SSS is used for IDLE mode mobility measurements. 
· SS-block-RSRP together with SS block time index facilitate the beam management procedures upcoming in CONNECTED mode. However, in case of large set of superposed beams this may not be sufficient.

Connected mode
Observations: 
· Current UE CONNECTED mode DL RRM measurements for L3 mobility are based on SS-block-RSRP and CSI-RS RSRP. 
· Combining NR-SS and CSI-RS for a unified L1-RSRP measurement report would imply network configurability restriction and additional signalling overhead. 
· In typical NR deployment, association between RACH resources and CSI-RS uniquely identifying gNB beams is needed for efficient system operation.

Proposals: 
· L1/L2 measurements are done based on CSI-RS only.
· It should be possible to report separately SS block RSRP and CSI-RS RSRP for the L3 mobility purposes.
· Support also cell specific CSI-RS to PRACH resource association.  
· L1/L2 reports based on SS-block measurements for beam management are not supported.
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