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Introduction
Agreements in the previous meetings are as follows [1 – 4]. In this contribution, we discuss technical issues for using SS blocks for P1 BM and propose to use cell-specific/non-UE specific CSI-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
Agreements:
· 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




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

Based on the overall procedures in Table 1, the following functionalities are required for P1.
Table 1 Overall Beam Management Procedures
	BM levels
	Related procedures
	Note

	P1
	- NW transmits “RS for P1” in a beam sweeping manner
- UE receives “RS for P1” in a beam sweeping manner
	

	
	- UE reports best-P beams based on P1 measurements 
- UE can select 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 “RS for P1”

	P2 / P3
	- NW allocates UE-specific CSI-RS composed of K beams
	

	
	- UE reports best-N beams based on P2 measurements
- UE can select 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 “RS for P2”




· Functionality 1: Based on the reporting of P1 measurements, K beams can be selected by NW to allocate UE-specific CSI-RS for P2/P3 beam management.
Let’s assume SS blocks can be used for P1 BM. For the allocation of CSI-RS resources for P2/P3 BM, NW has to figure out the beam ID information based on the UE’s feedback on the best SS block index. 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, best SS block index feedback will require the allocation of UE-specific CSI-RS composed of K × MTXRU × MTRP beams. Before resolving the ambiguity among those beams via P2 BM, NW has to assign all TXRUs and all TRPs with fixed beams which have been used for the corresponding SS-block transmission. During that time period, severe flexibility degradation is expected in NW’s scheduling perspective. 

Observation 1: If NR supports SS blocks as the RS for P1 BM, severe flexibility degradation is expected in NW’s scheduling perspective.

[bookmark: _GoBack]To minimize the required number of SS-block transmissions, all TXRUs equipped in a TRP can transmit the same SS block with different beam directions simultaneously, which is called composite beam transmission. It would make increased beamforming gain if the signals from different beams are constructively added in complex domain. However, if the signals are added destructively in complex domain, reduced beamforming gain is expected. This makes large deviations of beamforming gain in angle domain for SS-block with composite beam transmission compared with the original beamforming gains for cell-specific RS with single beam transmission per antenna port as shown in Figure 1. Detailed analysis can be found in our companion contribution in [5].
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· Functionality 2: UE can select and/or update its rx beam(s).
Considering that a SS block can be transmitted with MTXRU × MTRP beams in a single frequency network manner, a UE can’t select or update its rx beam according to only one single beam out of those 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.
Moreover, SS block can be FDMed with scheduled control/data channels in a slot. In this case, UE needs to fix its rx beam according to the pre-determined serving BPL. Note that the reception of the “RS for P1” in a rx beam sweeping manner is important to support UE’s fast beam selection and/or update, SS block can provide full degree of freedom in rx beam perspective at UE side. Unlike the SS block which has fixed bandwidth regardless of the system bandwidth, cell-specific/non-UE specific CSI-RS can be configured with wideband same as the system bandwidth. 

Observation 2: If NR supports SS blocks based P1 BM, UE can’t accurately select and/or update its rx beam due to single frequency network manner for the SS block transmission.
Observation 3: If NR supports SS blocks based P1 BM, possible control/data channel transmissions FDMed with SS blocks may degrade the degree of the freedom on the UE’s rx beam selection.

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 BM, severe flexibility degradation is expected in NW’s scheduling perspective.
Observation 2: If NR supports SS blocks based P1 BM, UE can’t accurately select and/or update its rx beam due to single frequency network manner for the SS block transmission.
Observation 3: If NR supports SS blocks based P1 BM, possible control/data channel transmissions FDMed with SS blocks may degrade the degree of the freedom on the UE’s rx beam selection.
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