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1	Introduction
At the RAN1#88 meeting, the following agreements were made on beam recovery mechanisms [1]:
	Agreement:
The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)



In this contribution, the above mechanisms are further specified and compared in Section 2. Some perspectives are presented to improve resource efficiency for beam recovery request in Section 3.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2	Comparison of beam recovery mechanisms
In this section, we compare three beam recovery mechanisms based on the agreements made at the RAN1#88 meeting. 
· Alt.1: The resources for beam failure reporting are located in the same time instance as PRACH and orthogonal to PRACH resources. We assume the signal is PRACH preamble. 
· Alt.2: The resources for beam failure reporting can be located at a time instance different from PRACH. Again, we assume the signal is PRACH preamble.
· Alt.3: Additional mechanisms using other channels/signals, e.g., SR, UL grant free PUSCH. Here we take scheduling request (SR) design in LTE as an example. 
Examples of time instances for these three alternatives are illustrated in Figure 1.
2.1	Resolution of periodicity
In LTE, PRACH periodicity ranges from 1ms to 20ms which is much shorter than the 100ms control plane latency requirement. In NR, the control plane latency requirement is reduced to 10ms. To meet this latency requirement, it is reasonable to assume the periodicity of PRACH in NR shall not be larger than 10ms. This implies the resolution of periodicity in Alt.1 is at most 10ms. Though Alt.2 and Alt.3 can provide more scheduling flexibility than Alt.1, we suggest the necessity of this flexibility be further clarified. 
[image: ]
[bookmark: _Ref478131356]Figure 1: Three alternatives of beam recovery mechanism

Observation 1: In NR, it is reasonable to assume the PRACH periodicity shall not be larger than 10ms. Therefore, Alt.1 would provide enough opportunities for beam recovery request. 
Proposal 1: The necessity of scheduling flexibility provided by Alt.2 and Alt.3 should be further clarified.

2.2	Capacity analysis
We now differentiate Alt.1 to two different schemes: Alt.1-A and Alt.1-B. The difference between these two schemes is the cyclic shift: Alt.1-A has a longer cyclic shift while Alt.1-B has a shorter cyclic shift. In this subsection, we compare the capacity among Alt.1-A, Alt.1-B and Alt.3.  
· Alt.1: The resources for beam failure reporting are located in the same time instance as PRACH and orthogonal to PRACH resources. We assume the signal is PRACH preamble.
· Alt.1-A: PRACH preamble with longer cyclic shift 
· Alt.1-B: PRACH preamble with shorter cyclic shift
· Alt.3: In LTE, up to 36 scheduling requests (SR) can be carried out by PUCCH format1 in one PRB as illustrated in Figure 2. We hence choose LTE SR on PUCCH format1 as a candidate for capacity benchmark. To enhance its capacity, we assume (1) all REs are utilized for SR, (2) no frequency hopping between slot1 and slot2, and (3) additional orthogonal cover code (OCC) applied for slot1 and slot2. Assumption (2) is made so that we can apply OCC to further improving Alt.3’s capacity.
[image: ]
Figure 2 : LTE SR on PUCCH format1
PRACH preamble in LTE, e.g. Alt.1-A in Table 1, is designed for both uplink asynchronous and synchronous transmissions. Consequently, there is space for optimization when the scenario of interest is uplink synchronous. For example, we can reduce the number of cyclic shift samples (NCS) because the round-trip propagation delay has been compensated for uplink synchronized UEs. This optimization leads to Alt.1-B which can reach about 74% of the SR capacity in Alt.3. Detailed analysis and assumptions are summarized in Table 1.  
Observation 2: The capacity of PRACH preamble with a reduced cyclic shift is comparable to that of SR in Alt.3.
Proposal 2: PRACH preamble should be supported for beam recovery request. 
Proposal 3: In NR, PRACH preamble should be optimized for uplink synchronous transmissions to enhance resource efficiency.
[bookmark: _Ref478131588]Table 1 : Capacity analysis for Alt.1-A, Alt.1-B, and Alt.3
	
	Scheme
	Capacity (per 6PRB)
	Note

	Alt.1-A
	LTE PRACH
(with Ncs=93)
	72 preambles
	LTE PRACH format0, for non-synchronized PRACH: Nzc=839, number of ZC root sequences = 8, and Ncs=93capacity=72 [2]

	Alt.1-B
	LTE PRACH with reduced Ncs=9
	744 preambles
	LTE PRACH format0 with reduced Ncs for synchronized PRACH: NZC=893, number of ZC root sequences = 8 and NCS=9  Capacity=744 

	Alt.3
	SR on PUCCH format1
	1008 sequences
	Assuming (1) all REs used for SR, (2) no frequency hopping between slot1 and slot2, and (3) additional orthogonal cover code (OCC) applied for slot1 and slot2



2.3	Specification impact
The beam recovery mechanism is proposed to cope with beam failure. Therefore, gNB needs to sweep over different beams in order to receive new beam indication from a UE that is encountering beam failure. In NR, PRACH is a channel that transmits to gNB through swept beams. Therefore, PRACH is a good candidate for beam recovery request. By contrast, if Alt.3 is employed for beam recovery request, a brand new channel has to be introduced and designed. It would demand a significant amount of standardization and performance evaluation efforts. 
Observation 3: Though Alt.3 may provide slightly better resource efficiency than Alt.1 and Alt.2, it requires much more standardization and performance evaluation efforts.  
Proposal 4:  From the specification impact perspective, only Alt.1 and Alt.2 should be considered for the beam recovery mechanism. 

2.4	Comparison summary
The above comparison results are summarized in Table 2 for clarity. 
[bookmark: _Ref478131639]Table 2 : Comparison summary among schemes Alt.1, Alt.2, and Alt.3
	
	Specification impact
	Resolution of periodicity
	Resource efficiency

	Alt.1
	Low
	<= 10ms
	Low (Alt.1-A) to medium (Alt.1-B)

	Alt.2
	Medium
	More flexible than Alt.1 
(but necessity of flexibility shall be clarified)
	Low to medium (similar to Alt.1) 

	Alt.3
	High
	More flexible than Alt.1 
(but necessity of flexibility shall be clarified)
	High




3	Joint design of beam recovery request and scheduling request
Based on the previous analysis, Alt.1-B provides comparable capacity to Alt.3. However, to provide enough dedicated preambles for connected UEs, multiple root sequences are expected to be employed in the same time-frequency resource. This accordingly increases the multiple access interference. Please note that timing advance estimation is not required for synchronized PRACH. Therefore, the bandwidth can be reduced and be narrower than the required bandwidth for timing estimation accuracy in non-synchronized PRACH. With narrowband PRACH, multiple time-frequency resources can be allocated to achieve the same or even more capacity than Alt.1-B. This also reduces interference from other root sequences. An example of narrowband PRACH is illustrated in Figure 3 where we assume the subcarrier spacing is the same in the two designs. By reducing the bandwidth, preamble sequence length is reduced accordingly. Because both the number of root sequences and the sequence length are reduced, the detection complexity at the receiver is reduced as well. 
[image: ]
[bookmark: _Ref478131956]Figure 3 : An example of narrowband PRACH design for UL synchronized UE

Observation 4: For uplink synchronous PRACH transmissions, timing advance estimation is not required. 
Observation 5: The proposed narrowband PRACH can reduce receiver detection complexity and multiple access interference from different root sequences. 
Proposal 5: Bandwidth of PRACH preamble should be reduced for UL synchronous transmissions.

Time-frequency resources allocated for beam recovery request are for UEs to report beam failure and indicate new beam information to gNB when beam failure happens. However, when the link condition is good and there is no beam failure, these time-frequency resources are being wasted. To fully utilize these allocated resources, we propose to apply them to other requests or indication when a UE is not experiencing beam failure. For example, gNB can assign a connected UE a dedicated PRACH preamble to send beam recovery request and SR. If a UE transmits its dedicated PRACH preamble on the serving beam, it means a scheduling request. On the other hand, if a UE transmits its dedicated PRACH preamble on a non-serving beam, it means a beam recovery request. The example of joint design of beam recovery request and SR is illustrated in Figure 4. 
 
[bookmark: _Ref478131693]Figure 4 : Joint design of beam recovery request and scheduling request

Observation 6: Time-frequency resources allocated for beam recovery request can be used for other requests or indication when a UE is not experiencing beam failure.
Proposal 6: In NR multi-beam operations, beam recovery request and scheduling request can be jointly designed to exploit the resource efficiency.
4	Conclusion
[bookmark: _GoBack]In this contribution, we compare three beam recovery mechanisms based on the agreements made at the RAN1#88 meeting. We assume that Alt.1 and Alt.2 employ PRACH preamble to be their physical signal while Alt.3 uses LTE SR on PUCCH format1. Comparisons are conducted in three aspects: resolution of periodicity, capacity analysis, and specification impact. According to the comparison results, we make the following observations and proposals. 
Observation 1: In NR, it is reasonable to assume the PRACH periodicity shall not be larger than 10ms. Therefore, Alt.1 would provide enough opportunities for beam recovery request. 
Proposal 1: The necessity of scheduling flexibility provided by Alt.2 and Alt.3 should be further clarified.
Observation 2: The capacity of PRACH preamble with a reduced cyclic shift is comparable to that of SR in Alt.3.
Proposal 2: PRACH preamble should be supported for beam recovery request. 
Proposal 3: In NR, PRACH preamble should be optimized for uplink synchronous transmissions to enhance resource efficiency.
Observation 3: Though Alt.3 may provide slightly better resource efficiency than Alt.1 and Alt.2, it requires much more standardization and performance evaluation efforts.  
Proposal 4:  From the specification impact perspective, only Alt.1 and Alt.2 should be considered for the beam recovery mechanism.

To further improve the spectral efficiency and reduce multiple access interference, we introduce a narrowband PRACH design. Moreover, joint design of beam recovery request and scheduling request is proposed to exploit the efficiency of time-frequency resources allocated for beam recovery request. Corresponding observations and proposals are organized in the following. 
Observation 4: For uplink synchronous PRACH transmissions, timing advance estimation is not required. 
Observation 5: The proposed narrowband PRACH can reduce receiver detection complexity and multiple access interference from different root sequences. 
Proposal 5: Bandwidth of PRACH preamble should be reduced for UL synchronous transmissions.
Observation 6: Time-frequency resources allocated for beam recovery request can be used for other requests or indication when a UE is not experiencing beam failure.
Proposal 6: In NR multi-beam operations, beam recovery request and scheduling request can be jointly designed to exploit the resource efficiency.
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