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Introduction
Agreements in the previous meetings are as follows [1 – 3]. If QCL assumption between an SS block and CSI-RS is supported, SS blocks may be used as the RS for the P1 beam management (BM). In this contribution, we discuss technical issues for using SS blocks for P1 BM and propose to use cell-specific/non-UE specific RS for P1 BM. 
	Agreement: 
· FFS indication of QCL assumption for CSI-RS to be associated with an SS block (e.g., SSS, PBCH DMRS (if defined)) and/or RS for fine time-frequency tracking (if it’s not CSI-RS) 
·  FFS: w.r.t. which QCL parameter(s)
Agreements:
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· Reporting information at least include
· Measurement quantities for N beam (s) 
· Information indicating N DL Tx beam(s), if N < K
Agreement:
· For the signal(s) utilized for beam management (BM) for P1/P2/P3, study further whether it is UE-specific vs. non-UE-specific




Cell-specific/non-UE specific RS vs. SS blocks

Based on the overall procedures in Table 1, the following functionalities are required for P1.
· Functionality 1: Based on the BM reports of P1 measurements, K-best beams can be selected by NW to allocate UE-specific CSI-RS for P2 beam management 
· Functionality 2: UE can select and/or update its rx beam(s)
· Functionality 3: UE can detect beam failure for the serving BPL [5]

Table 1 Overall Beam Management Procedures
	Event
	Related procedures
	Note

	P1
	· NW transmits “RS for P1” generally in beam sweeping manner
· UE receives “RS for P1” generally in beam sweeping manner
	

	
	· UE reports BM results of P1
· NW selects K beams to allocate UE-specific RS for P2 BM
· UE selects Rx beam(s) corresponding to each Tx beam
	

	
	· Beam failure detection for serving BPL
· Update on UE’s beam for serving BPL
	If the serving BPL is included in the beams used for the transmission of “RS for P1”

	P2 (& P3)
	· NW configures resource/reporting/measurement settings
· NW allocates UE-specific CSI-RS composed of K beams
	

	
	· UE selects N beams out of K beams based on P2 & P3 measurements
· PMI/RI/CQI is reported for the selected N beams
	

	
	· Beam failure detection for serving BPL 
· Update on UE’s beam for serving BPL 
	If the serving BPL is not included in the beams used for the transmission of “RS for P1”




· Functionality 1: Based on the BM reports of P1 measurements, K-best beams can be selected by NW to allocate UE-specific CSI-RS for P2 beam management.
Let’s consider the case that SS blocks are used for the reference signal for P1 beam management. For the allocation of the P2 CSI-RS resources, NW has to figure out the beam ID information of the K-best beams based on the UE’s feedback on the best SS block index. However, since the composite beam transmission of the SS block with multiple TXRUs is based on the beams with largely spaced in bore-sight angles [4], NW may figure out only one beam among K-best beams based on the feedback for the best SS block index. Hence, for the acquisition of the K-best beam information, UE may need to feedback K-best SS block indices as well. Considering that the transmission of the SS block in a single frequency network manner from MTXRU TXRUs in a TRP as well as MTRP TRPs in a cell, such feedback on K-best SS block indices will require to allocate UE-specific RS composed of K × MTXRU × MTRP beams.
If cell-specific/non-UE specific RS is used as the RS for P1, multiple TXRUs in a TRP can have separate resources in frequency/code/sequence domain for the transmission of the cell-specific/non-UE specific RS. In this case, UE can receive the cell-specific/non-UE specific RS without any distortion in beam patterns. Also NW can get K-best beam information based on the UE’s feedback on the K-best resource information. Thanks to the resource multiplexing capability in frequency/code/sequence domain for cell-specific/non-UE specific RS, each resource can be mapped to a single tx beam even for large MTXRU and MTRP. Hence NW can allocate UE-specific CSI-RS composed of only K beams. 

Observation 1: If NR supports SS blocks as the RS for P1, increasing number of SS block index feedback is required for the acquisition of the K-best beam information.
[bookmark: _GoBack]Observation 2: If NR supports SS blocks as the RS for P1, increasing number of SS block index feedback will require significant overhead in P2 CSI-RS resources.

· Functionality 2: UE can select and/or update its rx beam(s).
Considering that a SS block is transmitted with different beams from MTXRU TXRUs in a TRP as well as MTRP TRPs in a cell in a single frequency network manner, a UE can’t select or update its rx beam according to only one beam of the total MTXRU × MTRP beams used for a single SS block. In case cell-specific/non-UE specific RS is used as the RS for P1, UE can select and/or update its rx beams(s) according to the specific resource(s) for serving BPL(s) since resources in the cell-specific/non-UE specific RS can be de-multiplexed in frequency/code/sequence domain.

Observation 3: If NR supports SS blocks as the RS for P1, UE can’t accurately select and/or update its rx beam due to single frequency network manner for the SS block transmission.

If SS blocks are FDMed with scheduled data in a slot, then UE need to fix its rx beam according to the serving BPL. Reminding that the reception of the SS blocks with rx beam sweeping manner is needed to support UE’s fast beam selection and/or update, SS block is not suitable as the RS for P1 if it can be FDMed with data channel. Unlike the SS block having fixed bandwidth regardless of the actual system bandwidth, cell-specific/non-UE specific RS can be transmitted with wideband same as the system bandwidth. 
Observation 4: If NR supports SS blocks as the RS for P1, FDMed transmission with SS blocks and data channel may hinder UE’s fast rx beam selection and/or update.

· Functionality 3: UE can detect beam failure for the serving BPL.
Recalling that the SS block is transmitted in a single frequency network manner from multiple TXRUs in a TRP and also from multiple TRPs, a single SS block can be QCLed with multiple tx beams. Hence, received signal power of the SS block QCLed with the serving BPL may not be lower than the given threshold even for the beam failure occasions. In case cell-specific/non-UE specific RS is used as the RS for P1, UE can monitor specific resource(s) for serving BPL(s) to detect the beam failure occasions since resources in the cell-specific/non-UE specific RS can be de-multiplexed in frequency/code/sequence domain. 

Observation 5: If NR supports SS blocks as the RS for P1, received signal power of the SS block QCLed with the serving BPL may not be lower than the given threshold even for the beam failure occasions.

Conclusions
Based on the above discussion, we have found following observations. Considering the observations, we propose to use cell-specific/non-UE specific RS for P1 beam management in NR specification. 
Observation 1: If NR supports SS blocks as the RS for P1, increasing number of SS block index feedback is required for the acquisition of the K-best beam information.
Observation 2: If NR supports SS blocks as the RS for P1, increasing number of SS block index feedback will require significant overhead in P2 CSI-RS resources.
Observation 3: If NR supports SS blocks as the RS for P1, UE can’t accurately select and/or update its rx beam due to single frequency network manner for the SS block transmission.
Observation 4: If NR supports SS blocks as the RS for P1, FDMed transmission with SS blocks and data channel may hinder UE’s fast rx beam selection and/or update.
Observation 5: If NR supports SS blocks as the RS for P1, received signal power of the SS block QCLed with the serving BPL may not be lower than the given threshold even for the beam failure occasions.
Proposal: NR should support cell-specific/non-UE specific RS for P1 beam management.
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