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1
Introduction
RAN1#86 made the following agreements for DL beam management [1]:
Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP
Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item
RAN1#87 the following agreements have been make related to the support of CSI-RS for beam management:
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations
RAN1#87-AH the following agreements have been make related to the support of CSI-RS for beam management:
Agreements:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.

· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.

· Partial
QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 

· For downlink, NR supports CSI-RS reception with and without beam-related indication,

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE

· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 

· FFS: information other than QCL

Agreements:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]
· A CSI-RS RE mapping  pattern is defined within a slot

· FFS: A CSI-RS RE mapping  pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 
· FFS on mapping of ports to the CSI-RS RE mapping pattern
· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded
Agreements:

· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:

· Opt1. IFDMA

· Opt2. Larger subcarrier spacing

· Other solutions are not precluded

· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.

· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.

· Note that it does not imply prioritizing different aspects in CSI-RS design

In this contribution, the different aspects of CSI-RS design for different beam management procedures are discussed.
2
Motivation

In RAN1#86 and RAN1#86bis meetings,  three different downlink L1/L2 beam management procedures, i.e. P1-P3, have been agreed to be supported in NR when UE is in RRC connected mode. The agreements define also that a beam reporting related to P1-P2 is based L1/L2 UE reporting The major target of a procedure P1 is to enable TX beam measurements and indentification over different TRPs as well as UE RX/TX beam training. The objective of P2 is to enable TX beam switch based on UE measurments over  different TX beams  associated with a TRP or inter-TRPs with corresponding beam feedback reports. In comparison to P2,  P3 enables UE RX beam refinement on TX beams associated with same TRP without any beam report.

In addition to UE DL beam management measurements for P1 procedure, UE performs also beam based mobility measurements based on periodically transmitted RS in beam domain from serving and neighbouring cells in RRC connected mode. In our companion paper [2], mobility measurements in RRC connected mode are more closely discussed. Since measurement are based on periodic downlink RS in both mobility and DL beam management procedure P1 at UE-side, it is reasonable to exploit commonalities between these measurements as much as possible in a RS design. This can be achieved by multiplexing a CSI-RS into a SS-block. Further details of multiplexing are discussed in the next section. As a result of multiplexing, system overheads and latencies associated with measurements can be minimized. 
Observation 1: Both beam-level UE measurements related to mobility and DL beam management procedure P1 are performed in RRC connected mode based on periodically transmitted RSs
Observation 2: It is reasonable to exploit the commonalities between DL beam-level mobility and beam management P1 measurements in large extent. This can be achieved by multiplexing CSI-RS into a SS-block.
Observation 3: CSI-RS can be configured via user-specific and broadcast type of signaling. 
In RAN1-87 meeting, it was agreed that NR provides support for CSI-RS based DL beam management procedures P1-P3. Furthermore, it was discussed that the resources of a CSI-RS are RRC preconfigured and shared by UEs. As a result of this transmission of the CSI-RS can be dynamically enabled via L1 or MAC-CE message. 
Figure 1 shows an example of multiplexing of CSI-RS for downlink beam management procedure P1 into a SS-block.  As discussed in our companion paper [3], the SS-block includes PSS/SSS, PBCH and related DMRS for a cell detection, time/frequency synchronization as well for a common control information broadcasting.  As shown, CSI-RS is multiplexed into the SS-block to enable UE beam-level mobility and downlink beam management procedure P1 measurements and related functionalitiees from same CSI-RS. 
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Figure 1 An example of multiplexing of a periodically transmitted CSI-RS associated with P1 into a SS-block. 
To enable a cell-specific beam based measurements for different downlink beam management procedures as well as for mobility measurements, CSI-RS sequence needs to be cell-specifically determined. Further details on mobility measurements associated with SS-block can be found from our companion paper [2].   
Observation 4: To enable cell-specific beam-level measurements for different downlink beam manement procedures as well as mobility measurements, a sequence associated with CSI-RS needs to be cell-specifically determined.
Proposal 1: To enable beam-level mobility and P1 beam management measurements  in terms of low system overhead, the CSI-RS should be multiplexed into a periodically transmitted SS block.
Proposal 2: Support CSI-RS to be configured via both user-specific and broadcast type of signaling.
Proposal 3: To enable cell-specific beam-level measurements for different downlink beam management procedures as well as mobility measurements, a sequence associated with CSI-RS needs to be a cell-specifically scrambled.
3  CSI-RS Design for DL Beam Management Procedures P1-P3

In this section, the design aspect of CSI-RS for different DL beam management procedures P1-P3 are considered. 
3.1. CSI-RS Design for P1
Figure 2 shows an illustration of beam space per coverage area. As shown, the size of coverage beam space, i.e. the number of beams per coverage area, depends on the intended beam space in both azimuth and elevation domains. It is worth noting also that the size of the coverage beam space may depend on deployment scenario. To provide support for an intended service coverage for beam space in azimuth and elevation domain, TRP or a set of TRPs needs to have a sufficient amount of hardware resources available, i.e. APs associated with antenna array panels. In practice, due to a potential use of  hybrid digital-analog transceiver architechtures at TRP-side, it is not possible to transmit beams into the desired beam space simultaneously at one shot. In previous RAN1 meetings, downlink beam sweeping  was agreed as a pragmantic way to carry out a beam indentification and related measurements to be used in NR system. In our companion paper [4], we have considered more in detail the different  number of  beams and associated downlink transmission periodicities of SS-block. To support for different TRP implementations, in term of different hardware capabilities, it is highly important that the NR system enables a flexible support for different TRP implementations.   
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Figure 2 An example of beam space definition for a service coverage area.
In practice, the periodiocity of DL sweeping subframe containing DL beam management RS for P1, depends on each TRP capability to simultaneously use NP antenna ports for CSI-RS transmission per a sub-time unit. It is worth noting that, to enable robust measurements, orthogonal APs are preferred for beam and mobility measurements. As a result of NP options, different DL beam sweeping periodicities need to be supported in NR.  From practical implementation perspective of TRP as well as from entire SS-block design perspective, the set of values for NP, i.e. 2,4,6,8, can be consider as a feasible set for NR system. Naturally, greater values of NP can also be considered but they are FFS. 
Observation 5: To enable different multi-TRP deployments as well as TRP implementations in terms of different hardware capabilities, the following number of APs, NP=2,4,6,8 per OFDM symbol needs to be supported in the design of CSI-RS for P1. The values of NP >8 can be considered as FFS.    
Even thought CSI-RS AP multiplexing as well as NP impact to the transmission periodicity of a SS-block, the duration of time unit, i.e. defined by sub-carrier spacing, associated with CSI-RS  has also a clear merit into it. To enable UE implementation friendly transmission and reception at UE and TRP-sides  for mobility and P1 beam measurements,   it is reasonable to use same numerology, i.e. sub-carrier spacing, over entire SS-block, i.e. PSS/SSS, PBCH, DMRS and CSI-RS elements. Currently, the following sub-carrier spacing options, i.e. 60 KHz, 120KHz and 240 KHz, are under discussion in initial access design above 6GHz.  
Observation 6: To facilitate implementation friendly transmission and reception at eNB-side and UE-side, respectively, it is reasonable to use same numerology, i.e. sub-carrier spacing, over entire SS-block , i.e. PSS/SSS, PBCH, DMRS and CSI-RS elements.
Regarding to a numerology discussion related to SS-block and CSI-RS design, it is worth noting that the bandwidth options and configurations for initial access and RRC connected mode are still remaining open and need to be discussed in upcoming meetings. Therefore, it is possible that a bandwidth configuration for RRC connected mode and intial access differ from each others leading possibility for different bandwidth configuations between CSI-RS and PSS/SSS, PBCH and related DMRS. 
According to the objectives of DL beam management procedure P1 and mobility measurements discussed in previous section, UE is assumed to exploit CSI-RS and compute at least following information and provide a feedback report  via L1/L2 signaling to eNB: beam ID, beam quality information. TX beam ID can be computed at UE-side based on AP ID(s) associated with indentified TX beam(s) and sweep symbol number(s) associated with identified TX beam(s). Beam quality, e.g. RSRP, RSRQ, can be measured at UE based on received signal powers of CSI-RS APs  that are associated with TX beams. As a result of this,  a robust and low complexity way, can be enabled to perform beam-level measurements at UE-side. To enhance robustness of beam management against beam blockage, UE rotation, etc., it is beneficial to include UE based beam grouping information into the feedback report. Further details of UE based beam grouping can be found from our companion paper [6]. Furthermore, it is benefical if the CSI-RS design could also enable an efficient UE RX beam training support in P1 without introducing an extra system overhead. 
Even though DL CSI aquisation is not a part of DL beam management and mobility measurements, it can be beneficial to obtain an intial DL CSI aquisation during P1 to enable a fast start for a shared downlink data channel operation without need to separately schedule dedicated CSI-RS symbols for DL CSI aquisation. Therefore, the feasibility of beam management CSI-RS design based DL CSI aquisation needs to be studied further. It is worth noting that DL CSI aquisation requires UE to be able to compute CQI, PMI, RI based on CSI-RS pattern associated with beam management and mobility measurements. With respect to plain beam management and mobility UE measurements, this may require CSI-RS pattern to have more dense RE allocation in frequency to enable to more accurate MCS hypothesises at UE-side.
Observation 7: By using AP index as well as downlink sweep block_symbol index associated with indentified TX beam(s), logical beam ID for each TX beam can be computed as follows: logical TX beam index = antenna port index× sweep_block_symbol_index.
Observation 8: The feasibility of DL CSI aquisation based on the beam management CSI-RS design needs to be studied further.
As mentioned previously, the discussion on system bandwidth options and configurations for initial access SS-block and UE RRC connected mode are still open. Therefore, the following SS-block and CSI-RS multiplexing options can be considered:
· Frequency division multiplexing (FDM) with CSI-RS and SS-block

· Time division multiplexing (TDM) with CSI-RS and SS-block

Figure 3 a) and b) show  both FDM and TDM options for CSI-RS and part of SS-block, i.e. PSS, PBCH and DMRS.
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Figure 3 Multiplexing options for CSI-RS and SS-block. 
Table 1 summarizes multiplexing options for SS-Block and CSI-RS with some example bandwith options for above 6GHz communication. As discussed in previous section, our proposal is to multiplex the CSI-RS into the SS-block. To enable efficient DL beam sweeping, in terms of system overhead, latency, energy efficiency, etc., it is preferred that multiplexing is performed in frequency domain.

Table 1. Multiplexing options for SS-block (i.e. SSS/PSS, PBCH, DMRS) and CSI-RS above 6 GHz.
	Multi-plexing Option
	Allocation of CSI-RS in frequency
	Mixed numerogy between SS-block and CSI-RS
	Required extra latency in periodical SS-block  
	CSI-RS based UE RX BF Training 
	Support for Beam ID & Beam quality
	Support for DL CSI, i.e. PMI, CQI, RI 

	FDM: e.g. SS-block BW = 40 MHz and CSI-RS BW=80 MHz
	Out side of SS-block. No full allocation.
	Not feasible 
	No
	IFDMA is not possible
	Supported. Note: only part of bandwidth is used (mid part excluded impacting to the accuracy of RSRP computation


	Limited support. Only part of bandwidth can be used. CSI-RS Allocation and pattern impacts to DL CSI

	TDM: SS-block and CSI-RS can have arbitrary BWs
	Full bandwidth allocation. Signals  separated in time. 
	Feasible
	Yes. System overhead  is subject to introduced extra time units. 
	Both IFDMA and larger sub-carrier spacing are possible. Both of them lead to reduced TX power. 
	Supported. Note: full bandwidth is used for RSRP computation. 
	Full support. Full bandwidth is used and actual pattern in frequency  impacts only.


Observation 9: By exploiting FDM with CSI-RS and PSS in SS-block, CSI-RS based multi-beam measurements can be enabled within same OFDM symbol. As a result of this, the impact of downlink SS-block beam sweeping to system overhead can be reduced.
Observation 10: Full configuration flexibility of IFDMA structure can only be enabled by TDM of CSI-RS and SS-block. 
Observation 11: Both IFDMA and larger sub-carrier spacing optios can lead to TX power reduction.  

Observation 12: TDM with CSI-RS and SS-block can provide flexible support for different numerology configurations while introducing extra system overhead. Extra system overhead is  subject to the number of extra CSI-RS time units. 
In the following, different CSI-RS patterns and structures for TDM with CSI-RS and SS-block are considered. To enable CSI-RS support for simultaneous TX beam identification from single/multiple TRPs and UE RX beam training, CSI-RS need to have a special structure for enabling enhanced UE RX beam/TX beamformer training. More specifically, the structure of CSI-RS needs to enable the generation of multiple copies of transmitted signal to appear within a OFDM symbol. In general, this can be obtained either by increasing a sub-carrier spacing or the exploitation of IFDMA structure. 
Due to a reduced CP overhead and flexibile configurability of IFDMA with respect to sub-carrier spacing option, IFDMA can be seen as a feasible option for CSI-RS design for beam management. In IFDMA structure, NP CSI-RS are distributed evenly to every k-th RE in frequency while allocating zero power for intermediate REs. As a result of this, a total amount of REs for a single IFDMA block is NP ×k. It is worth noting that the size of IFDMA block in terms of REs may not be alligned with the definition of a PRB. Clearly, multiple IFDMA blocks in frequency are needed to enable reliable UE RX beam training. By using IFDMA structure, k- repetitions of transmitted beam associated with each AP are generated in time domain after CP. In the case of IFDMA CPs are not needed between repeated TX beams in time. The time domain repetitions of same TX beams enable UE to perform the testing of different RX beams.
Figure 4 shows two different  IFDMA structures with NP=8 and and k=4, and k=2. By using k=4, the IFDMA based design enables the UE to test four different RX beams within a single OFDM symbol. However, the design may have some limitations in terms of DL CSI aquisation accuracy as discussed earlier. Naturally, the limitations are subject scenario and frequency selectivity of a channel. To enhance CSI aquisation accuracy, AP density in frequency can be increased by reducing k=2 as shown in Figure 4. As a result of this, DL CSI aquisation capability may be improved with the price of reduced UE RX beam training opportunity. Table 2 shows different CSI-RS design options for TDM. As can be seen with the combination of large number of TX APs and large repetation factor, k, the size of IFDMA block starts to be relatively large with both sub-carrier options. As a result of this, some challenges may be imposed for CSI-aquisation.    
Observation 13: By utilizing IFDMA structure,  flexible configurable UE RX/TX beamformer training possibility can be enabled.  
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Figure 4 Different CSI-RS patterns for TDM by using IFDMA configuration optios with NP=8, k=4 and k=2. 

Table 2.  List of possible IFDMA block options with different bandwidth options for TDM.
	Sub-carrier Spacing
	Number of APs, NP
	Repetition factor, k
	IFDMA block size [MHz]
	Number of IFDMA blocks

	
	
	
	
	20 [MHz]
	40 [MHz]
	80 [MHz]

	60 KHz
	2
	4
	4.8
	41
	83
	166

	
	2
	2
	2.4
	83
	166
	333

	
	8
	4
	19.2
	10
	20
	41

	
	8
	2
	9.6
	20
	41
	83

	120 KHz
	2
	4
	9.6
	20
	41
	83

	
	2
	2
	4.8
	41
	83
	166

	
	8
	4
	38.4
	5
	10
	20

	
	8
	2
	19.2
	10
	20
	41


To avoid TX power reduction in TX beam quality measurements with IFDMA structure (k≥2) at UE-side, TX beam indentification and UE RX BF training can be performed in two different steps. Figure 5 shows an illustration of two step receiver processing for IFDMA structure. As a first step, TX beams are indentified based on received signal power, e.g. RSRP, and UE RX beamformer training is performed by assuming TX power reduction. In the second step, the trained UE RX beams are applied together with the best indentified TX beams to aggregate received power over repeatation factor k ≥2. In principal, it means that the second step needs to be performed in different time instants with respect to the first step.  In other words, TX power reduction free beam quality measurements, e.g. RSRP, turn into extra latency. Naturally, furher studies are required to understand their system impacts more in detail. 

[image: image5]
Figure 5 An example of two step receiver processing for IFDMA structure.
Observation 14: To avoid TX power reduction in TX beam quality measurements with IFDMA (k≥2) structure at UE-side, TX beam indentification and UE RX BF training need to be performed in multiple steps.
Observation 15: TX power reduction free beam quality measurements, e.g. RSRP, turn into extra latency. Therefore,  furher studies are required to understand their system impacts more in detail.
As shown in Table 1, non-overlapping configuration can be considered for FDM with CSI-RS and SS-block.  Figure 6. provides an illustration of CSI-pattern  for a PRB with 8 APs by using FDM with CSI-RS and SS-block combined with non-overlapping allocations. Table 3 shows different CSI-RS design options for FDM. 

[image: image6]
Figure 6 CSI-RS pattern with NP=8,  for FDM with no overlapping allocations in frequency.
Table 3 List of possible CSI-RS design options for FDM.
	Sub-carrier Spacing
	Number of APs., NP
	PRB size [MHz]
	Number of PRBs 

	
	
	
	20 [MHz]
	40 [MHz]
	80 [MHz]

	60 KHz
	2
	7.2
	27
	55
	111

	
	2
	7.2
	27
	55
	111

	
	2
	7.2
	27
	55
	111

	
	8
	7.2
	27
	55
	111

	
	8
	7.2
	27
	55
	111

	
	8
	7.2
	27
	55
	111

	120 KHz
	2
	14.4
	13
	27
	55

	
	2
	14.4
	13
	27
	55

	
	2
	14.4
	13
	27
	55

	
	8
	14.4
	13
	27
	55

	
	8
	14.4
	13
	27
	55

	
	8
	14.4
	13
	27
	55


Proposal 4:  To enable different multi-TRP deployments as well as TRP implementations in terms of different hardware capabilities, the following number of APs, NP=2,4,6,8 per OFDM symbol needs to be supported in the design of CSI-RS for P1. The values of NP >8 can be considered as FFS.  
Proposal 5: Within a SS-block same numerology should be used for REs associated with PSS, SSS and CSI-RS elements.

Proposal 6: The feasibility of DL CSI aquisition based on beam management CSI-RS design for P1 needs to be studied further.
Proposal 7: Priorize FDM of CSI-RS with PSS in a SS-block in NR.

Proposal 8: For FDM with CSI-RS and SS-block, support PRB based CSI-RS design. 

3.2. CSI-RS Design for P2 and P3  
As discussed briefly in Section 2, the target of downlink beam management P2 is to enable a TX beam switch based on UE measurments over different TX beams associated with a TRP or inter-TRPs with corresponding beam feedback reports. With respect to downlink beam management procedure P2, the P3 procedure enables UE RX beam refinement on TX beams associated with same TRP without any beam report. In comparison to a downlink beam management procedure P1, it can be assumed that a CSI-RS for P2 and P3 is configured as user-specifically and aperiodically for beam refinement purpose based on beams indentified in P1. Furthermore, it can be assumed that the CSI-RS design for P2-P3 needs to support UE RX/TX beamformer training even larger extent with respect to P1 while enabling also TX beam sweeping. A network can flexible configure a user-specific RX/TX beamformer training by using IFDMA based CSI-RS design with different repetition factor values, k, and the number of antenna ports, NP, according to UE and network needs. Even though UE has also a possibility to request a user-specific training, the network has always control over both P2 and P3. Figure 7 shows an example IFDMA based CSI-RS patterns for P2-P3 with NP=8, k=4 and k=2. 

Observation 16: With respect to downlink beam management procedure for P1, CSI-RS for P2-P3 is aperiodic and user specifically configured.
Observation 17: By exploiting IFDMA based CSI-RS design for downlink beam management procedures P2-P3, a network can flexibility configure a user-specific RX/TX beamformer training by using IFDMA based CSI-RS design with different repetition factor values, k, and the number of antenna ports, NP, according to UE and network needs.
Similar to CSI-RS design for P1, it can be seen as benefical to consider a possibility to compute downlink CSI based CSI-RS for P2. As a result of this, a signalling overhead and latency associated with separately configured CSI-RS symbols can be reduced while occuring the switch of TX beam. To enable downlink CSI aquisation, UE needs to be aware of TX beams over which DL CSI aquisation is computed. Therefore, this is information need to be signalled user-specifically via dedicated control channel, i.e. PDCCH.

 Observation 18: It can be benefical to enable CSI aquisation as a part of P2.
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Figure 7  An example of different CSI-RS patterns for P2-P3 with NP=8, k=4, k=2. 

Proposal 9:  Support IFDMA based CSI-RS design for downlink beam management procedures P2-P3.
4. Discussion on DL Beam Sweeping Options for P1-P3  
This section focuses on different CSI-RS based DL sweeping options for beam management procedures P1-P3. In previous meeting RAN1#87, three different options, i.e. option 1, option 2 and option 3 were agreed to be further studied. 
Figure 8 a) and b) show examples of Option 1 with IFDMA based CSI-RS design with same TX beams across sub-time (option 1a: IFDMA with k=4 and NP=2) and time units (option 1b: PRB based with NP=2). As can be seen, the option 1a with fixed TX beams over sub-time units enables to perform more efficient training of UE RX beamformer w.r.t. option 1b. The option 1a requires UE to have a capability to switch its RX beam between different sub-time units which is a vendor specific feature. On the other hand, as discussed in Section 3.1, TX power reduction is not introduced within measurement time instant with option 1b. It is worth noting that in option 1a TX beam sets can be changed from one to another after k-sub-time units. As a result of this, the sweeping of different TX beam sets can be enabled simultanously with enhanced UE RX beamformer training capability. Here, it is assumed that the sub-carrier spacing between options 1a and 1b is the same as well as the time-unit divided into k-sub-time-units. Based on these assumptions, the possibility to change TX beams in time is at the same level in both options. Therefore, the option 1a can be seen more feasible for downlink beam management procedures P2-P3 by enabling similar TX beam sweeping capability while providing a better UE RX/TX beamformer training capability.    
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Figure 8 a) Options 1a w/ fixed TX beams over sub-time units (k=4)

b) Option 1b w/ different TX beams over time units (PRB based design).
Figure 9 a) and b) present illustrations of two different variants of option 2. Both options 2a and 2b use the same  PRB based design with NP=2. Here, it is assumed that with the Option 2a higher sub-carrier spacing with respect to options 1a, 1b and 2b is used. As a result of higher sub-carrier spacing, an additional CP is added between different sub-time units in Option 2a. In comparison of Option 1a, the Option 2a enables faster TX beam sweeping capability with the price of reduced RX beamfomer training capability. The Option 2a  requires TRP to have a capability to switch its TX beam during CP between different sub-time units which is a vendor specific feature. Similar to 1a, with option 2a the TX power is reduced with respect to 1b and 2b. Regarding to beam management procedures P2-P3, enhanced UE RX beamformer training capability can be seen as more usefull with respect to faster TX beam sweeping capability.        
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Figure 9 a) Option 2 w/ different TX beams over sub-time units, 

b) Option 2 w/ fixed TX beams over time units. 
To utilize hybrid version of Option1 and Option2, i.e. Option 3, different numerogies can be used during sweeping procedure. As discussed in section 3, from a network and UE implementation perspective, this is not seen as feasible option to be used at least in P1. Instead of this, a single numerology should be used in P1 leading to Option 1 or Option 2 type of sweeping options to be more feasible for P1. Since all the design details related to a SS-block are not yet agreed, e.g. bandwidth and numerology, it is difficult to make a detailed design for beam sweeping strategy for P1.
Observation 19: By enabling efficient TX and RX sweeping,  option 1a (fixed TX beams over sub-time units) can be seen as an feasible option for downlink beam management P2-P3.
Observation 20: With respect to the Option 1a, the Option 2a  enables a more flexible way to perform TX beam sweeping with the price of reduced UE RX beamformer training capability.
Observation 21: Since all the design details related to a SS-block are not agreed, e.g. bandwidth and numerology, it is difficult to make a detailed design for beam sweeping strategy for P1. 

In general, RF-beamformer beam switch is targeted to be performed within CP at transmitter and receiver, respectively. However, by increasing sub-carrier spacing, the time duration of CP becomes shorter leading to more stringent requirements for vendor specific beam switching times. Especially, from transmitter side is important that NR can provide flexible support for different vendor specific implementations. Therefore, CSI-RS design for different beam management procedures P1-P3 needs to enable flexibility for different TX beam switching times without increasing CP overheads. 
Observation 22: CSI-RS design for beam management needs to enable flexibility for different TX beam switching times without increasing CP overheads.
To enable enhanced flexibility for different TX beam switching times in NR,  CP could be replaced by zero values which are the part of the symbol itself. By doing this, zero value CP  enables RF beam switching within the CP without destroying the CP property. The zero value could used to provide additional guard time needed for a beam switching. The number of zero power samples to be appended is determined according to the beam switching time at transmitter.

Observation 23: By replacing CP with zero values which are the part of the symbol itself enhanced flexibility can be enabled for different TX beam switching times in NR. 

Proposal 10: By enabling efficient TX and RX sweeping,  option 1a (fixed TX beams over sub-time units) can be seen as an feasible option for downlink beam management P2-P3.

Proposal 11: The design details related to a SS-block need be agreed, e.g. bandwidth and numerology, to be able to continue the design for beam sweeping strategy for P1.
Proposal 12: Replacement of CP by zero value which are part of the symbol itself needs to considered.
5
Conclusions
In this contribution, the CSI-RS pattern design for beam management procedures P1-P3 has been considered. 
Based on the discussions, the following observations have been made:

Observation 1: Both beam-level beam-level UE measurements related to mobility and DL beam management procedure P1 are performed in RRC connected mode based on periodically transmitted RSs.
Observation 2: It is reasonable to exploit the commonalities between DL mobility and beam management P1 measurements in large extent. This can be achieved by multiplexing CSI-RS into a SS-block.
Observation 3:  CSI-RS can be configured via user-specific and broadcast type of signaling. 

Observation 4: To enable cell-specific beam-level measurements for different downlink beam manement procedures as well as mobility measurements, a sequence associated with CSI-RS needs to be cell-specifically determined.
Observation 5:  To enable different multi-TRP deployments as well as TRP implementations in terms of different hardware capabilities,  the following number of APs,  NP=2,4,6,8 per OFDM symbol needs to be supported in the design of CSI-RS for P1. The values of NP >8 can be  considered as FFS.    
Observation 6: To facilitate implementation friendly transmission and reception at eNB-side and UE-side, respectively, it is reasonable to use same numerology, i.e. sub-carrier spacing, over entire SS-block , i.e. PSS/SSS, PBCH, DMRS and CSI-RS elements.
Observation 7: By using AP index as well as downlink sweep block_symbol index associated with indentified TX beam(s), logical beam ID for each TX beam can be computed as follows: logical TX beam index = antenna port index× sweep_block_symbol_index.
Observation 8: The feasibility of DL CSI aquisation based on the beam management CSI-RS design needs to be studied further.
Observation 9: By exploiting FDM with CSI-RS and PSS in SS-block, CSI-RS based multi-beam measurements can be enabled within same OFDM symbol. As a result of this, the impact of downlink SS-block beam sweeping to system overhead can be reduced.

Observation 10: Full configuration flexibility of IFDMA structure can only be enabled by TDM of CSI-RS and SS-block. 

Observation 11: Both IFDMA and larger sub-carrier spacing optios can lead to TX power reduction.  

Observation 12: TDM with CSI-RS and SS-block can provide flexible support for different numerology configurations while introducing extra system overhead. Extra system overhead is  subject to the number of extra CSI-RS time units. 

Observation 13: By utilizing IFDMA structure,  flexible configurable UE RX/TX beamformer training possibility can be enabled.  
Observation 14: To avoid TX power reduction in TX beam quality measurements with IFDMA (k≥2) structure at UE-side, TX beam indentification and UE RX BF training need to be performed in multiple steps.
Observation 15: TX power reduction free beam quality measurements, e.g. RSRP, turn into extra latency. Therefore,  furher studies are required to understand their system impacts more in detail.
Observation 16: With respect to downlink beam management procecures for P1, CSI-RS for P2-P3 is aperiodic and user specifically configured.

Observation 17: By exploiting IFDMA based CSI-RS design for downlink beam management procedures P2-P3, a network can flexibility configure a user-specific RX/TX beamformer training by using IFDMA based CSI-RS design with different repetition factor values, k, and the number of  antenna ports, NP, according to UE and network needs.
Observation 18: It can be benefical to enable CSI aquisation as a part of P2.

Observation 19: By enabling efficient TX and RX sweeping,  option 1a (fixed TX beams over sub-time units) can be seen as an feasible option for downlink beam management P2-P3.

Observation 20: With respect to the Option 1a, the Option 2a  enables a more flexible way to perform TX beam sweeping with the price of reduced UE RX beamformer training capability.

Observation 21: Since all the design details related to a SS-block are not agreed, e.g. bandwidth and numerology, it is difficult to make a detailed design for beam sweeping strategy for P1. 
Observation 23: By replacing CP with zero values which are the part of the symbol itself enhanced flexibility can be enabled for different TX beam switching times in NR. 

Based on the dicussions, the following proposals have been made:

Proposal 1: To enable beam-level mobility and P1 beam management measurements  in terms of low system overhead, the CSI-RS should be multiplexed into a periodically transmitted SS block.

Proposal 2: Support CSI-RS to be configured via both user-specific and broadcast type of signaling.
Proposal 3: To enable cell-specific beam-level measurements for different downlink beam manement procedures as well as mobility measurements, a sequence associated with CSI-RS needs to be a cell-specifically scrambled.
Proposal 4:  To enable different multi-TRP deployments as well as TRP implementations in terms of different hardware capabilities,  the following number of APs,  NP=2,4,6,8 per OFDM symbol needs to be supported in the design of CSI-RS for P1. The values of NP >8 can be considered as FFS.  
Proposal 5: Within a SS-block same numerology should be used for REs associated with PSS, SSS and CSI-RS elements.

Proposal 6: The feasibility of DL CSI aquisation based on beam management CSI-RS design design for P1 needs to be studied further.
Proposal 7: Priorize FDM of CSI-RS with PSS in a SS-block in NR.

Proposal 8: For FDM with CSI-RS and SS-block, support PRB based CSI-RS design. 

Proposal 9:  Support IFDMA based CSI-RS design for downlink beam management procedures P2-P3.

Proposal 10: By enabling efficient TX and RX sweeping,  option 1a (fixed TX beams over sub-time units) can be seen as an feasible option for downlink beam management P2-P3.

Proposal 11: The design details related to a SS-block need be agreed, e.g. bandwidth and numerology, to be able to continue the design for beam sweeping strategy for P1. 
Proposal 12: Replacement of CP by zero value which are part of the symbol itself needs to considered.
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Appendix – Simulation Assumptions

Table 4 Simulation Assumptions 

	Parameters
	Value

	Carrier Frequency 
	30 GHz

	Channel Model
	CDL-A (100ns), CDL-D

	Subcarrier spacing
	60, 120 kHz

	Slot duration
	0.125 ms

	Cyclic prefix duration 
	1.19 µs 

	UE velocity
	0 km/h

	eNB antenna array 
	(M,N,P,Mg,Ng) = (4, 8, 2, 1, 1), (0.5, 0.5) (  

	UE antenna array 
	M,N,P,Mg,Ng) = (2, 4, 2, 1, 1), (0.5, 0.5) (

	eNB TX sweep angles in Azimith
	

	Channel estimation scheme
	Practical
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