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1 Introduction
In previous meetings, the following agreements/conclusions have been achieved:

RAN1#88:
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

RAN1#88b:
· Note: Necessity of SS block and DMRS will be discussed simultaneously later

RAN1#89:

· FFS SS-block in addition to CSI-RS is at least supported for P-1 in beam management 

· FFS with or without L1-RSRP reporting
RAN1#AH1706:
· No consensus at this meeting  to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15
Company/University/Organization is free to contribute to this topic in the future meeting

In this contribution, we discuss the remaining issues on measurement RS for beam management.

2 Measurement RS for DL BM
We first discuss the necessity of using SS block for L1/L2 beam management, and then the benefits and methods for using DMRS for L1/L2 beam management.
2.1 Necessity of using SS block for L1/L2 BM
During initial access procedure, suitable gNB Tx beam(s) and UE Rx beam(s) can be acquired by measuring SS blocks. For data transmission after initial access, UE-specific periodic CSI-RS can be configured to enable P1 procedure. To connect beam management procedures during data transmission and the initial access procedure, it was further agreed to support spatial QCL between CSI-RS and SS block. 

2.1.1 DL beam management
As a typical implementation, the gNB Tx beam associated with SS block is targeted at group of UEs in a cell, while the gNB Tx beam(s) associated with UE-specific CSI-RS can be targeted at a specific UE. For this reason, narrower gNB Tx beam can be identified by CSI-RS to provide higher beamforming gain for unicast data transmission, which is generally not the case for SS block. 

In addition, SS block occupies only a small bandwidth and is transmitted with relatively longer periodicity (e.g. 40ms). Therefore, SS block alone is insufficient for beam management for data transmission, and CSI-RS, which can be transmitted with wider bandwidth and shorter periodicity, will be needed anyway. For this reason, there is no additional gain to introduce SS block for L1/L2 beam management. 
Furthermore, the exact beam cannot be identified through a SS block if it is transmitted using multiple beams from multiple TRPs in a SFN manner. If the composite beamforming pattern used for such SS block is reported by a UE during L1/L2 beam management, additional constraint and extra power consumption will be imposed to the network side. 
Lots of specification efforts will be needed to design the L1/L2 reporting for SS block and further to enable comparison with CSI-RS, if SS block is introduced for L1/L2 beam management. Except for specification efforts, such design will also further complicate the system implementation at both NW/UE side. For example, UE will need to decode the PBCH to obtain the SS Block time index. Subsequent signalling such as beam indication based on SS block will require even more specification efforts, making it difficult to be specified in Rel-15. 
2.1.2 Beam failure recovery
As illustrated in Figure 1, the beams used for SS block and UE-specific PDCCH are likely different as they are targeted at different coding rate and decoding performance. For this reason, using SS block to predict the quality of control channel may lead to inaccurate beam failure detection, i.e., a higher false alarm rate. As for new beam identification, similarly, the beam identified by SS block is not suitable for fast beam failure recovery, compared with CSI-RS beams which can be closer to the current serving beam(s). In other words, link re-adaption from UE-specific PDCCH beam to the SS block beam may incur even higher latency then RACH procedure, due to different beamforming gain, delay spread, Doppler, etc. 
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Figure 1 Different beams for PDCCH and SS block
Based on these reasons, we believe there is no reason to introduce SS block for L1/L2 beam management. 

Proposal 1: Preclude introducing SS block for L1/L2 beam management in Rel.15. 

2.2 Overhead of using CSI-RS for L1/L2 BM
After initial access, at least one beam pair has been established between gNB and UE, through L3 signalling and QCL assumption. CSI-RS will be used to refine and track the gNB and UE beams, within a limited range only. For cell-center UEs, CSI-RS for BM may not be scheduled, if the beam pair established during initial access can already provide sufficient SNR. For cell-edge UEs, CSI-RS can be scheduled to refine the beam pair to improve the received SNR.
The exact overhead of using CSI-RS for L1/L2 BM highly depends on gNB/UE implementation, scheduling algorithm, and deployment scenario. Here, with reasonable simplifications, we analyze the overhead of CSI-RS for L1/L2 BM in some worst-case scenarios. 
As shown in Figure 2, we assume to a 2D plane where a gNB panel array covers a sector. To model the exploitable reflections in practical scenarios, the reflectors are placed near the UEs. The UE is assumed be using only one 4-by-4 panel, which can generate beams with a HPBW of around 24 degrees. In general, UE rotation is more challenging, as compared with movement or blockage. As a worst case, we assume the UE is rotating at a speed of 60 rounds per minute, i.e., 360 degrees per second. 
In the scenario under consideration, the gNB Tx beam will not change as it can cover all the meaningful reflectors, only UE needs to sweeps it Rx beam. To maintain the throughput performance during UE rotation, several beams should be swept before UE rotates out of the current Rx beam (24/360 ≈ 67 milliseconds), and the step size of beam sweeping should be much less than half of the HPBW (resulting in >=2 beams to be swept). 

In our setup, a maximum of 8 instances of CSI-RS needs to be transmitted within 67 milliseconds. For 120 kHz subcarrier spacing, we have 7504 symbols in 67 milliseconds. Even if it is not multiplexed with data, the overhead for using CSI-RS for L1/L2 BM for this UE is only ~0.11%. Assuming we have 20 UEs to serve in TDMed manner (not very practical though), the overhead is only ~2.2%. Considering that CSI-RS can be shared among UEs within the same gNB Tx beam by the same configuration and can be multiplexed with data, its overhead can be further reduced. 
Observation 1: Overhead of using CSI-RS for L1/L2 beam management can be managed.
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Figure 2 Example for illustrating CSI-RS overhead
2.3 Benefits and methods for using DMRS for L1/L2 BM
Even with periodic CSI-RS, a UE may still not be able to detect abrupt beam changes, due to, e.g., UE rotation. To cover these situations, DMRS can be additionally exploited for L1/L2 beam management. 

To start, UE can detect the energy of DMRS of the scheduled PDSCH to see if the associated beam has been blocked, which can be part of the beam failure recovery procedure. This approach can enable early detection and prediction of beam failure of data channel, which can be different from those used for transmitting control channel. 

In addition, if the DMRS ports of the scheduled PDSCH layers are transmitted with different beams, UE can measure the PDSCH DMRS ports and report the preferred beam/port, possibly together with the corresponding ACK/NACK transmission. gNB can then indicate switching the beam for transmitting control channel to the reported beam, for extra robustness. This example is illustrated in Figure 3. 

Based on the discussions above, we have the following proposal: 

Proposal 2: In addition to CSI-RS, supporting using DMRS for L1/L2 beam management. 
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Figure 3 DMRS-based beam management
3 Summary of proposals
The proposals are summarized as follows:

Observation 1: Overhead of using CSI-RS for L1/L2 beam management can be managed.

Proposal 1: Preclude introducing SS block for L1/L2 beam management in Rel.15. 
Proposal 2: In addition to CSI-RS, supporting using DMRS for L1/L2 beam management. 
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