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1	Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we discuss the properties of these three types of uplink requests: random access requests, on demand SI requests, and beam recovery requests. 
2	Discussion on PRACH design for uplink requests
The three types of uplink requests discussed in this contribution share a common property that all of them require beam sweeping at the gNB. Specifically, not only RRC_CONNECTED but also RRC_IDLE UEs can send random access requests and on demand SI requests. Therefore, the gNB has to sweep over all directions of its coverage in order to receive transmissions from UEs that it may not know. Beam recovery requests are designed for RRC_CONNECTED UEs whose information is known to the gNB. However, when a UE requests for beam recovery, it implies the UE is experiencing beam failure. The new beam identified by the UE can be in any direction and therefore beam sweeping is required in beam recovery requests. Due to the beam sweeping property, it is natural to allocate resources for beam recovery requests and resources for on demand SI requests at the same instances as those resources for random access. 
[bookmark: _Ref481839659]Observation 1: Resources for on demand SI requests and resources for beam recovery requests can be allocated at the same time instances as PRACH to make use of the beam sweeping carried out by gNB for PRACH. 

2.1	Random access
In NR, transmission of PRACH preambles serves as at least two purposes: random access request and timing advance estimation. In the initial access procedure with multi-beam operations, it has one more purpose which is to notify the gNB its best DL TX beam. When the subcarrier spacing for uplink transmission (data and control channels) is increased, timing estimation accuracy requirement becomes tighter correspondingly. For example, the timing accuracy is 1.04us in AWGN for LTE where the subcarrier spacing for PUSCH and PUCCH is 15kHz. The timing accuracy requirements would become 1.04us/8=0.13us and 1.04us/16=0.065us when the subcarrier spacing for uplink transmissions have become 120 kHz and 240 kHz, respectively. As the timing accuracy requirement becomes tighter, the preamble bandwidth should accordingly become larger.  
[bookmark: _Ref481839748]Proposal 1: Bandwidth of PRACH preambles should be large enough to support the required timing advance estimation accuracy requirement for PRACH in NR. 
2.2	On demand SI request
At the RAN2 97bis meeting, the following agreements were made on the requests for on demand system information:
Agreements for on demand request of broadcast SI transmission
1:	For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.
2: 	If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1. 
3:  If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.

FFS Error handing in case SI is not received
FFS whether the request delivered in MSG 3 can be used for unicast delivery or for delivery of SI by dedicated signaling after a transition into connected, or other options

I
When on demand SI is requested via Msg1-based method, three possible procedures are drawn in Figure 1. When a UE request an on-demand SI block, it transmits the corresponding preamble. Upon detecting the transmitted preamble, gNB responds to the UE by broadcasting or unicasting the requested SIB to the UE. The procedure is complete when the requested SIB(s) is received by UE. On the other hand, if UE does not hear gNB’s response by the end of the monitored RAR window, it shall re-transmit preamble by ramping power or switching beams in a way similar to the retransmission mechanism in RACH. Notice that in all three procedures shown in Figure 1, there is no uplink transmission needed for the UE. Therefore, timing advance estimation is not necessary under this scenario. In contrast to the random access scenario where timing advance estimation is required and hence the bandwidth of PRACH preamble should be large enough, the bandwidth of preamble for on demand SI request can be reduced.  
[image: ]
[bookmark: _Ref485457392]Figure 1: Exemplary signaling flows for on-demand SI delivery through Msg1-based method

[bookmark: _Ref481839683]Observation 2: UE that requests for on demand SI via Msg1-based method do not need to be uplink synchronous. Hence the bandwidth for Msg1 transmission can be smaller than that required for timing estimation accuracy.   
2.3	Beam recovery request
In the RAN1 #89 meeting, PRACH was agreed to be one of the channels for beam recovery request transmission.  

	Agreements (RAN1#89):
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 



The mechanism to recover from beam failure serves as a safe net for RRC_CONNECTED UEs to be able to request beam recovery immediately. Under this scenario, uplink timing alignment has been assumed. If a UE has to reacquire timing, it can use downlink synchronization signals before requesting for beam recovery. In such case, UEs that conduct beam recovery requests are assumed to be uplink synchronous. If PRACH signals are used for beam recovery requests, timing advance estimation is not required in this case. Similarly to the requests for on demand SI, bandwidth of preambles can be hence reduced. By reducing the bandwidth of preambles, we can also reduce the multiple access interference from other root sequences. With beam recovery request, it has been agreed that in order to fast re-establish a beam pair link, dedicated resource (time/frequency/code) would be assigned to most if not all of the UEs in connected mode. Inevitably, multiple root sequences have to be employed on the same time-frequency resource if a relatively long sequence is considered. By reducing the bandwidth and hence the sequence length of preambles, dedicated resources (time/frequency/code) are achieved by means of both FDM and CDM rather than CDM only. An example is illustrated in Figure 2.
[image: ]  
[bookmark: _Ref478131956]Figure 2 : An example of narrowband PRACH design for UL synchronized UE

[bookmark: _Ref481839701]Observation 3: For uplink synchronous transmissions such as beam recovery requests, timing advance estimation is not required. 
[bookmark: _Ref481839708]Observation 4: By reducing the preamble sequence length, we can reduce receiver detection complexity and multiple access interference from different root sequences. 
[bookmark: _Ref481839716]Observation 5: For uplink requests that do not require timing advance estimation, the bandwidth for Msg1 transmission can be smaller than that required for timing estimation accuracy.
[bookmark: _Ref481839755]Proposal 2: NR supports smaller Nzc values for scenarios where TA estimation is not required.
2.4	Joint design of beam recovery request and scheduling request
	Agreements: (RAN1 #88bis)
· Beam failure recovery request transmission
· Beam failure recovery request resource/signal may be additionally used for scheduling request



In this subsection, we propose a joint design of beam recovery request and scheduling request. 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, 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 3. 
[image: ] 
[bookmark: _Ref485457304]Figure 3: Joint design of beam recovery request and scheduling request

[bookmark: _Ref481838580]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.
[bookmark: _Ref481838745]Proposal 3: In NR multi-beam operations, beam recovery request resource is reused as scheduling request for better resource utilization.

3	Conclusion
In this contribution, we discuss three uplink requests in NR: random access requests, on demand SI request, and beam recovery request. We make the following observations and proposals. 
Observation 1: Resources for on demand SI requests and resources for beam recovery requests can be allocated at the same time instances as PRACH to make use of the beam sweeping carried out by gNB for PRACH.
[bookmark: _GoBack]Observation 2: UE that requests for on demand SI via Msg1-based method do not need to be uplink synchronous. Hence the bandwidth for Msg1 transmission can be smaller than that required for timing estimation accuracy.
Observation 3: For uplink synchronous transmissions such as beam recovery requests, timing advance estimation is not required.
Observation 4: By reducing the preamble sequence length, we can reduce receiver detection complexity and multiple access interference from different root sequences.
Observation 5: For uplink requests that do not require timing advance estimation, the bandwidth for Msg1 transmission can be smaller than that required for timing estimation accuracy.
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 1: Bandwidth of PRACH preambles should be large enough to support the required timing advance estimation accuracy requirement for PRACH in NR.
Proposal 2: NR supports smaller Nzc values for scenarios where TA estimation is not required.
Proposal 3: In NR multi-beam operations, beam recovery request resource is reused as scheduling request for better resource utilization.
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