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Introduction
In this contribution, we further discuss beam management in random access procedures.
Framework of Beam Management
In our previous contributions in RAN1 #86b meeting, we discuss the framework of beam management. The framework should be divided into two phases, the first phase without a priori information and the second phase with a priori information. The information of spatial configuration and characteristics gained in the first phase could be leveraged in the second phase to facilitate data transmission. RS transmission, CSI measurement and CSI report for  beam management and other MIMO related procedures should be fit in one common framework.  
Beam management exists in both the first phase and the second phase. The main target for beam management in the first phase is for beam acquisition, while for the second phase, beam management is mainly targeting beam refinement. DL beam management for the first phase should use the component sub-procedure P-1. In the P-1 sub-procedure for the first phase, UE determines the coarse beam for eNB Tx and UE Rx. Then for the following random access procedure, UE makes use of information from the P-1 sub-procedure and starts transmitting random access signals. For the first phase, partial spatial(beam) reciprocity might be assumed for broadcast signals and random access signals. Scheme design should facilitate the usage of such reciprocity information. In some application scenarios (typically under 6GHz), it is also possible that spatial reciprocity could not be assumed even at this stage. Scheme design should also consider these scenarios. The following agreements from RAN1 #86b  reflect such concerns. 
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH occasions resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH occasionsresources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR

Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB

Furthermore, the following terminology is defined in RAN1 #86b:
· Terminologies from RAN1 #86b:
· NR-PSS at least for initial symbol boundary synchronization to the NR cell;
· NR-SSS for detection of NR cell ID or at least part or full of NR cell ID;
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead;
· SS-block: PSS, SSS and/or PBCH can be transmitted within a ‘SS block’;
· SS burst: One or multiple ‘SS block(s)’ compose an ‘SS burst’;
· SS burst series’set: FFS: One or multiple ‘SS burst(s)’ compose a ‘SS burst series’set’;

‘SS Block’ Design 
With above agreements and definition, for multi-beam based approach, UE only detects cell ID. Beam ID is not explicitly indicated and detected. Multiple beams use the same cell ID, but may broadcast on different resources, i.e. different ‘SS blocks’. This means that different beams from the same cell transmit the synchronization signals on different resources. 
After cell ID detection with synchronization signal, UE also needs to find out the best beam. There should also be a beam reference signal transmitted with the same beam as the synchronization signal. The resources used for beam RS should be associated with resources transmitting synchronization signal.
After best beam detection, UE should be able to decode system information. System information should also be broadcast in the same beamformed style. Only in this way could system information and beam RS have the same coverage. The resources used for broadcast should also be associated with the resources for synchronization signal. Demodulation of NR-PBCH should rely on the above beam strength detection RS.
Mobility should also be the functionality of ‘SS blocks’, ‘SS burst’ and ‘SS burst series’ set’. In fact, from the perspective of forward compatibility, it may be the only always on signal. Reference signal inside the ‘SS blocks’ should serve the purpose of mobility related measurement. The above mentioned beam strength detection signal could also be reused for mobility measurement.   
Reference signal inside the ‘SS block’ should be designed with the target of beam strength detection, NR-PBCH demodulation and mobility related measurement. 
In LTE, broadcast signal experiences severe interference. SINR at cell edge might be as low as -5dB. In NR, this kind of situation should be avoided. The exact position on the time frequency resources map should be left for implementation. The possible resources set for initial access broadcast signal should have the flexibility of coordination between cells and flexibility of beam level configuration within cells. The relationship between the resource set to the time and frequency structure of the system is not fixed in specification, but could be indicated in the broadcast information. Thus we have the following proposal:
The absolute position of ‘SS block’ detected by a UE in the time and frequency structure of the system is not fixed in specification, but could be chosen by gNB implementation.
Beam signal strength should be measured for initial access and other mobility procedures. When the SS block is transmitted in a multi-beam based approach, random access and mobility control should be on the same beam level. 
In idle mode, UE should measure RS in different SS blocks, track their status and select the best beam to reside on. UE behavior that may influence beam selection includes movement, blockage and rotation, which may induce quick beam change at UE side. It may help to design the above mentioned SS block in such a way that multiple UE Rx beams may be tried within in one block. But this influences the unified framework since in many cases it is not necessary to try multiple Rx beams or only one beam exist. In practice, the UE Rx beamwidth at the initial access would be large enough for robustness. The main scenario for UE to change beam is the case that two panels are facing opposite directions and signal strength in the two directions has large gap in between. But for current practice each panel is normally connected to at least one TxRU. Beam measurement on different UE Rx beam of different panels could be conducted at the same time. Thus signal design like repetition of synchronization signal and beam RS should not be emphasized to facilitate such special use case.
Multiple trials of UE Rx beam within one SS block should be conducted more in an implementation specific manner, rather than through repetition of synchronization signal and beam RS within one SS block.
Through detection of SS block, UE gains information about DL Tx and DL Rx. As what we proposed, in the following random access signal transmission and reception, UE transmits with the same beam as DL Rx (as one possible scheme) on the random access resources associated with the DL Tx beam and eNB receives the signal with the beam same as DL Tx beam or in a cycled beam pattern on the bundled resources. 
Report of signal strength is necessary for beam maintainance. UE in connected mode should report beam signal strength periodically according to specific configuration. gNB may configure UE to measure signals on any specific SS block. Measurements may only be in RSRP form. SNR is not necessary since it is not a stable metric and varies a lot in the scale of mobility control report. 
Another issue related to the report is that in our above proposal, beam ID is not explicitly indicated but implied through relative position of SS block. Explicit ID may be needed for eNB to configure measurement or for the UE to report events like which beam is the strongest.
RSRP measurement of any specific or all possible SS blocks is configured UE specifically when the UE is in connected mode. Corresponding report is also configured UE specifically.
As discussed above, beam RS is used by the UE to find out the best beam. But the functionality of beam RS may also fall in other aspects:
· Beam detection filter: Synchronization signal provides the initial detection, but beam RS could further filter the false alarm;     
· Broadcast information demodulation: broadcast signal could reuse the beam RS for demodulation, which are in the same resource set defined above;
· Beam strength measurement: typically used for beam maintainance;
Thus the principles for beam RS design is listed in the following:
· Well confined and interlaced in the above defined SS block: RS pattern should facilitate the demodulation of broadcast information and measurement of beam signal strength;
· Always on/periodically broadcast: Beam RS is used for initial access and mobility; It should be periodically broadcast as part of the above defined SS block;
· Spread more on frequency rather than on time: Analog beamforming would be used to construct beams; For single TxRU per pannel per polarization (which would be one of the major practices, especially at the UE side), only one analog beam could be constructed; RS should be spread more on frequency rather than on time. 
Beam RS should be confined and interlaced in the SS block, which is transmitted with the same beam periodically. It should spread more on frequency rather than on time.

Beam Management in the Random Access Procedure
For initial access, UE needs to find out the best beam for broadcast signal and random access procedure. This information could later be used for beam management in the second phase. 
The reason that initial access should be combined with beam management is that in some deployment scenarios, especially those in high frequency band, beams are needed for better coverage. But there is possibility that for different scenarios, the need of beamforming at initial access are completely different. It is also possible that at frequency under 6GHz, there is no beamforming for broadcast signal and random access. 
There is a tradeoff between beamwidth and overhead consumption. The EIRP of each beam is higher with narrower beamdith, but the system performance might be degraded due to more overhead consumption with more beams to cover the whole area. Furthermore, narrower beamwidth might lead to poorer link performance due to spatial filtering of multipath, which could increase diversity and signal power. The above tradeoff is dependent on the specific deployment, thus it is better left for implementation to decide how many beams are going to be constructed for broadcast signal coverage.
From above ananlysis, beam construction should be transparent to UE at the initial access procedure. Beam management at this stage should work without any a priori information. 
DL Tx beam construction at initial access should be transparent to UE. DL Rx beam should also be implementation specific, with predefined performance requirement;
For UL part in initial access, UE would transmit random access signals for the eNB to receive. There is agreement that RACH resource is obtained through detected DL broadcast channels. When reciprocity is available, association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH occasions resources is informed to UE by broadcast system information or known to UE. Such association only indicates there is reciprocity for DL Tx and UL Rx at gNB. UE side reciprocity normally could not be assumed in a general way. It depends on UE RF implementation and channel characteristics at the same time. The normal practice is that calibration is conducted within one panel, while across panels there would be random phase offsets. Thus reciprocity might be envisaged within one panel. But it is also possible that for some hybrid structures, calibration might only be conducted within sub-array of a panel. Thus reciprocity at UE side is implementation specific. Whether UE uses the same Tx beam in random access as the Rx beam should be up to UE to decide. According to another agreement from RAN1 #86b, whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources can be informed by broadcast system information. When the system does not allow multiple transmission within a subset of RACH resources, it means that UE should guarantee reciprocity for the random access transmission. UE may have to transmit the preamble with the smallest calibration unit. System design should guarantee the detection probability of random access signal. 
From above discussion, reciprocity is not only related to spatial characteristics, but also to calibration design. When the system broadcasts only one preamble is transmitted within one subset, UE behavior should guarantee channel reciprocity is satisfied, i.e. the preamble is transmitted with the minimum calibration set. 
When the system broadcasts only one preamble is transmitted within one subset, UE behavior should guarantee channel reciprocity is satisfied. 
For Msg. 2 transmission, if only one transmission is configured, then UE could follow the agreed procedure for Tx beam determination. If multiple transmission is configured, beam determination is more complicated or resource consuming. It is implementation specific that gNB may transmit with predefined wide beam. The beam may also be used for the beamforming of PDCCH corresponding to Msg. 2. Other implementation choices include multiple transmissions/repetition on all possible beams, or the subset is only related to one gNB broadcast beam. gNB could gain information about which broadcast beam the random access relates to through above implementation specific design. The information could be further used for PDCCH beamforming and RLF procedures. 
The whole procedure becomes:
1) UE detects the DL SS block;
2) UE gains information about random access resources and whether it can transmit multiple/repeated preambles;
3) Based on implementation, UE decides on which beam it would use
a) If only one preamble is allowed per transmission, then UE should assume beam reciprocity is guaranteed for channel. UE would have to transmit with the beam that it receives DL broadcast signal. This is from analog beam perspective. Simultaneous transmission with multiple analog branches could increase the signal power. Digital domain beamforming may still be applicable for preamble transmission even when there is no calibration between multiple TxRUs.
b) If multiple transmission within a subset of RACH resources is configured, UE has to transmit multiple times for eNB Rx beam sweeping. Note that UE could just use the beam same as Rx beam of DL broadcast even when there is no reciprocity, since beam sweeping at gNB side would typically cover all the possible beams. Digital domain beamforming is still useful to provide higher transmission power. 
4) For msg. 2 transmission, if only one transmission is configured, then gNB/UE could follow the agreed procedure for beam determination. If multiple transmission is configured, gNB could use widened beam or multiple beams for msg. 2. 
a) It is not necessary for UE to explicitly report the initial broadcast beam that UE’s random access corresponds to. gNB could gain the information in implementation specific ways.
Through above analysis we have the following proposals.
It is not necessary for UE to explicitly report the initial broadcast beam that UE’s random access corresponds to even for the case multiple preamble transmission per subset is configured.  
There are several choices for UL Tx beam. It is possible that schemes like beam cycling might be used for the UE to transmit uplink signal on the beam that is different from the DL Rx beam. Signal design for this scheme would require eNB to detect random access signal multiple times. The detailed designs could be categorized as the following alternatives:
· Alt 1: UE transmits once for each random access trial on the Tx beam that is the same as the DL Rx beam and on the resources associated with the detected DL beam;
· It is UE implementation specific that it could transmit simutaneously on different panels with different TxRUs. 
· Alt 2: UE transmits multiple times for each trial. UL Tx beam could typically be the same across the bundled multiple transmissions. gNB UL Rx beam would typically be different across the bundled resources.
· UE could still transmit with different beams simultaneously on different panels.
Even when the system requires only one transmission per subset, it is UE implementation specific to transmit simultaneously with different panels on the same resource.
For multiple trials per subset, random access Tx beam would typically be the same as the DL Rx beam across the bundled multiple transmissions. 
Conclusions
[bookmark: _GoBack]Based on the discussion in this contribution we propose the following:
Proposal 1	Reference signal inside the ‘SS block’ should be designed with the target of beam strength detection, NR-PBCH demodulation and mobility related measurement.
Proposal 2		The absolute position of ‘SS block’ detected by a UE in the time and frequency structure of the system is not fixed in specification, but could be chosen by gNB implementation.
Proposal 3		Multiple trials of UE Rx beam within one SS block should be conducted more in an implementation specific manner, rather than through repetition of synchronization signal and beam RS within one SS block.
Proposal 4		RSRP measurement of any specific or all possible SS blocks is configured UE specifically	when the UE is in connected mode. Corresponding report is also configured UE specifically.
Proposal 5		Beam RS should be confined and interlaced in the SS block, which is transmitted with the same beam periodically. It should spread more on frequency rather than on time.
Proposal 6		DL Tx beam construction at initial access should be transparent to UE. DL Rx beam should also be implementation specific, with predefined performance requirement;
Proposal 7		When the system broadcasts only one preamble is transmitted within one subset, UE behavior should guarantee channel reciprocity is satisfied. 
Proposal 8		It is not necessary for UE to explicitly report the initial broadcast beam that UE’s random access corresponds to even for the case multiple preamble transmission per subset is configured.  
Proposal 9		Even when the system requires only one transmission per subset, it is UE implementation specific to transmit simultaneously with different panels on the same resource.
Proposal 10		For multiple trials per subset, random access Tx beam would typically be the same as the DL Rx beam across the bundled multiple transmissions. 
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