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Introduction

Following was agreed as a working assumption for beam correspondence definition in one of the previous RAN1 meetings [1]:

· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed


Following agreements were made in the beam management session of previous RAN1 meeting [2]:
i) For the definition of beam correspondence:
· Confirm the previous working assumption of the definition
· Note: this definition/terminology is for convenience of discussion

i) Support capability indication of UE beam correspondence related information to TRP
a. FFS details including capability definition,  case(s) (if any) when the indication is not necessary

ii) NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)
a. Details are FFS, including at least the following study:
i. Signal(s) for the mechanism(s) if necessary
1. E.g., SRS, PRACH preamble, UL DMRS
2. Additional contents can also be included, e.g., beam reporting
ii. Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping
iii. Impact of beam correspondence Status
1. E.g., When to use the mechanism(s)
2. E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure
iv. UE capability reporting
1. E.g., capability of analog beamforming
v. Consider the cases when UL and DL are from the same TRP and from different TRPs
vi. Conditions when the mechanism is particularly useful

Also, following agreement was made in the 4 step RACH procedure session of the last RAN1 meeting [2]:

For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises

Note that the transmission of multiple Msg1 transmission until the end of RAR window helps the UEs that do not have beam correspondence but is not necessary for the UEs that have beam correspondence. That’s why, in this contribution, we investigate whether devices can achieve beam correspondence in the presence of different device impacts, e.g., phase error.
Effect of Phase Error in Array Gain
Different relative phase shifts at the antenna elements of transmit and receive path may lead to different array gains in transmit and receive direction. To observe the impact of relative phase shift in array gain difference, we consider a scenario where the receiver path of a device can generate ideal phase shifts but the transmitter path experiences random phase shifts at different antenna elements.
Let us focus on a device with N antenna elements. Assume that a ray is arriving (departing) to (from) these antenna elements and θ is the angle of arrival (departure) with respect to the boresight direction.
[image: ]
Figure 1: Signal arrival at a uniform linear array

Now, the spatial signature of the channel across the antenna elements is given by [2],

                                           (1)
Assuming that the signal is transmitted from a single antenna element, the weights of an ideal single input multiple output receiver should match with that of the channel response. That means, an ideal beamformer should have the following weights:

                                     (2)
                                
Now, let us assume that the i-th antenna element of the transmit path experiences δi phase shift where 

. The higher the value of x, the more the random phase shift across the antenna elements could be. Now, the beamformer of the transmit path can be expressed as the following:

                             (3)


The array gain path of the transmit path would be lesser than that of the receiver path due to the presence of phase error. The drop in array gain can be expressed as: 
 
[image: ]
Figure 2: Array gain drop due to the presence of random phase error in an 8x1 array
Figure 2 shows the CDF of array gain drop in a 8x1 uniform linear array for different ranges of random phase error. The angle of arrival (departure) was varied from -60 to +60 degree to generate these curves.
Figure 2 illustrates that the 50 percentile array gain drop is roughly 0.2 dB when phase error randomly varies in the range of [-22.5, 22.5] degree. Even when phase error ranges between -45 to 45 degree, the relative drop in array gain remains less than 1 dB in almost 80% scenarios. 
A closer look at equations (1)-(3) suggest that the presence of an additional common phase shift, i.e., a phase sift that is common across all antenna elements of the array of only one of the paths, does not change the array gain.
Observation 1: Array gain drops by only 0.2 dB in the 50th percentile scenario if phase error is randomly distributed between -22.5 and +22.5 degree.
Observation 2: Presence of a common phase shift, i.e., a phase shift that is common across all antenna elements of the array of only one of the paths, does not change the array gain of that path.

[image: ]
Figure 3: Array gain drop due to the presence of random phase error in a 32x1 array
Figure 3 shows that the relative drop in array gain does not vary significantly with the number of antenna elements of the array. Hence, it is possible to achieve beam correspondence in the presence of moderate phase error between transmit and receive path. Hence, UL beams can be determined from DL measurement using beam correspondence. RAN1 should prioritize design assuming beam correspondence between downlink and uplink.
Observation 3: The relative drop in array gain does not vary significantly with the number of antenna elements of the array.
Observation 4: Beam correspondence is achievable with the presence of moderate phase error between transmit and receive path.
Proposal 1: RAN1 should prioritize design assuming beam correspondence between downlink and uplink.
As mentioned before, multiple Msg1 transmission until the end of RAR window is useful for UEs that cannot achieve beam correspondence between transmit and receive paths. However, in a multi-beam scenario and in the presence of analog beamforming, frequency division multiplexing of RACH transmission and uplink data may not be feasible. Since network needs to pre-allocate resources for receiving RACH signals, the total amount of RACH resource overhead will increase significantly if network allows multiple Msg1 transmission till the end of RAR window. For example, if one Msg1 transmission till the end of RAR window consumes 5% overhead, four Msg1 transmission till the end of RAR window will consume 20% overhead.
Besides, our analysis suggests that a UE will experience only 0.2 dB drop in relative array gain in the presence of [-22.5, 22.5] degree phase error. It is possible to keep phase error within [-22.5, 22.5] degree. Hence, 0.2 dB drop in relative array does not warrant multiple Msg1 transmission until the end of RAR window.
[bookmark: _GoBack]Proposal 2: RAN1 should strive towards minimizing resources for beam sweep in both DL and UL. Transmission of multiple Msg1 until the end of RAR window is not needed due to its required excessive overhead.
Conclusion
Observation 1: Array gain drops by only 0.2 dB in the 50th percentile scenario if phase error is randomly distributed between -22.5 and +22.5 degree.
Observation 2: Presence of a common phase shift, i.e., a phase shift that is common across all antenna elements of the array of only one of the paths, does not change the array gain of that path.
Observation 3: The relative drop in array gain does not vary significantly with the number of antenna elements of the array.
Observation 4: Beam correspondence is achievable with the presence of moderate phase error between transmit and receive path.
Proposal 1: RAN1 should prioritize design assuming beam correspondence between downlink and uplink.
Proposal 2: RAN1 should strive towards minimizing resources for beam sweep in both DL and UL. Transmission of multiple Msg1 until the end of RAR window is not preferable due to its required excessive overhead.
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