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1 Introduction

During the RAN2 #97bis meeting mechanism to transmit SI request was discussed and following agreements were made:
Additionally, following agreements were made for on-demand provisioning of system information during the NR study item.


In this contribution we discuss further details of MSG1 based SI request transmission mechanism. The key issues discussed in this contribution are: 
· How does the UE know whether the SI request is transmitted successfully or not?

· What is the UE behavior if SI request is not transmitted successfully?
2 Discussion
2.1 Basic Operation
Figure 1 illustrates the operation for obtaining a SIB (e.g. SIB X) which is provided on demand (i.e. not broadcasted periodically) using MSG1 based SI request. MSI includes an indicator which indicates whether the SIB X is broadcasted or provided on demand. In this example, indicator is set to ‘1’ indicating that SIB X is provided on demand. 
· UE interested in acquiring SIB X checks MSI and based on indicator for concerning SI-block i.e. SIB X determines that SIB X is provided on demand. 

· UE then determines based on information in MSI that it has to indicate SI request using MSG 1 or MSG3. 
· 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 if network wants UE to indicate SI request using MSG 1.UE selects the PRACH preamble and/or PRACH resource corresponding to SIB X. 
· UE then transmits PRACH preamble using selected PRACH preamble and/or PRACH resource. Since closed loop power control is not possible in idle and inactive state, UE calculates the initial power for SI request transmission based on open-loop estimation with full compensation for the path loss in same manner as any other PRACH preamble transmission. There is no reason to design a new scheme to calculate power for transmitting PRACH preamble for SI request.
· After transmitting the PRACH preamble indicating SI request for receiving the SIB X, UE monitors the SI window of the SIB X (according to scheduling information) in one or more SI periods of SIB X. If the gNB receives the PRACH preamble transmission corresponding to SIB X, it transmits the SIB X (according to scheduling information) in one or more SI periods of SIB X.
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Figure 1
Proposal 1:  The initial power for SI request (i.e. PRACH preamble) transmission is calculated in same manner like any other PRACH preamble transmission.

2.2 SI Request TX Failure Detection
Similar to any other PRACH preamble transmission, it is possible that PRACH preamble transmission for SI request is not successfully received by gNB because of poor radio channel conditions. There are two possible approaches for UE to identify whether the SI request transmitted by it is successfully received or not by the gNB.
Approach 1: After sending the SI request i.e. PRACH preamble for receiving the SIB X, UE monitors the SI window of the SIB X (according to scheduling information) in one or more SI periods of SIB X. 
·   If UE does not receive the requested SIB X, it considers that SI request is not successfully received by gNB.

Approach 2: After sending the SI request i.e. PRACH preamble for receiving the SIB X, UE monitors the RAR window for receiving the RAR corresponding to its PRACH transmission. RAR corresponding to PRACH transmission indicating SI request should at least include random access preamble identifier (RAPID). Other information such as timing advance, C-RNTI, etc are not needed. UE monitors the NR-PDCCH for RAR identified by RA-RNTI in RAR window. RA-RNTI is calculated in the same manner for PRACH preamble transmission indicating SI request like any other PRACH preamble transmission.
·  If RAR is received by UE, it considers that SI request is successfully received by gNB. UE then monitors the SI window of the SIB X (according to scheduling information) in one or more SI periods of SIB X.

· If RAR is not received by UE, it considers that SI request is not successfully received by gNB.

These two approaches for SI TX failure detection are further compared below.

Latency in detecting SI request transmission failure: In case of approach 1, UE can determine whether the SI request transmission is failed or not after monitoring the SI window in one or more SI periods of requested SIB. In approach 1, the best case (see Figure 2A) latency for detecting SI request transmission failure is equal to ‘SI request processing time’ + ‘length of SI Window’. In approach 1, the worst case (see Figure 2B) latency for detecting SI request transmission failure is equal to ‘SI request processing time-1’ + ‘length of SI period’ + ‘length of SI Window’. In approach 2, the latency (see Figure 2C) in detecting whether the SI request transmission is failed or not, is equal to ‘SI request processing time’ + ‘length of RAR Window’. So latency in detecting SI request transmission failure can be quite high in approach 1 compared to approach 2. This can be reduced by configuring shorter SI period. In case of longer SI period, network can combine several SI requests and broadcast the requested SIB(s) once, thereby reducing the signaling overhead. This is not possible for shorter SI period.

[image: image2.emf]SI REQUEST

(MSG 1)

SI WINDOW SI WINDOW

SI Period N

TX

SI Period N+1 Proc. time

SI REQUEST

(MSG 1)

SI WINDOW SI WINDOW

SI Period N

TX

SI Period N+1

Proc. 

Time-1

SI REQUEST

(MSG 1)

RAR 

WINDOW

Proc. Time

(A)

(A)

(B)

(B)

(C)

(C)


Figure 2

UE Power Consumption: UE power consumption for two approaches is compared for two scenarios: SI request transmission is successful and SI request transmission fails.
a) Scenario 1: SI Request Transmission is Successful

In approach 2, UE needs to first monitor the RAR window and after the RAR is received it needs to monitor the SI window. So, in approach 2, total number of TTIs which UE needs to monitor in worst case is equal to ‘length of RAR window’ + ‘Length of SI Window’. In approach 1, there is no RAR and hence UE needs to monitor only ‘Length of SI Window’ TTIs. UE power consumption is more in case of approach 2 compared to approach 1. However if length of RAR window is small (e.g. can be set to 1 or 2 TTI for SI request), the UE power consumption can be comparable.
b) Scenario 2: SI Request Transmission fails
In approach 2, UE needs to first monitor the RAR window after transmitting the SI request. If the RAR is not received, it is assumed that SI request transmission is failed and hence it does not monitor the SI window. So, in approach 2, total number of TTIs which UE needs to monitor is equal to ‘length of RAR window’.  
In approach 1, there is no RAR and hence UE needs to monitor ‘Length of SI Window’ TTIs after transmitting the SI request. If the length of SI window and RAR window is same, the UE power consumption is same in both approaches. However the SI window is typically longer than RAR window, so UE power consumption will be higher in case of approach 1 compared to approach 2.
The pros and cons of two approaches is summarised in Table 1 below.
Table 1

	
	Approach 1

(NO RAR for acknowledging SI Request reception)
	Approach 2 

(RAR for acknowledging SI Request reception)

	Latency in detecting SI Request TX Failure
	High  (
	Low  (

	UE Power Consumption: SI Request TX Success Scenario
	Low  (
	High1  (

	UE Power Consumption: SI Request TX Failure Scenario
	High2  (
	Low2  (


NOTE: 
1 If length of RAR window is small, the UE power consumption for approach 2 and 1 will be similar.

2 It is assumed that SI Window Length > RAR Window Length
Based on the above discussion, we propose that

Proposal 2:  After the PRACH preamble transmission indicating SI request, UE monitors the RAR window for receiving the RAR corresponding to its PRACH preamble transmission indicating SI request. 
Proposal 3: Length of RAR window for receiving RAR corresponding to its PRACH preamble transmission indicating SI request is configured in MSI. 
Proposal 4: The length of RAR window for receiving RAR corresponding to its PRACH preamble transmission indicating SI request and length of RAR window for receiving RAR for other PRACH preamble transmissions can be same or different.  
Proposal 5:   UE monitor the NR-PDCCH for RAR identified by RA-RNTI in RAR window. RA-RNTI is calculated in the same manner for PRACH preamble transmission indicating SI request like any other PRACH preamble transmission.

Proposal 6: If RAR corresponding to its PRACH preamble transmission indicating SI request is received by UE, it considers that SI request is successfully received by gNB. UE then monitors the SI window of the requested SIB in one or more SI periods of that SIB.
2.3 SI Request TX Failure Handling
After detecting that the SI request is not successfully transmitted, it is natural that UE retransmits the SI request (i.e. PRACH preamble transmission). During PRACH preamble re-transmission indicating SI request, power is ramped up like any other PRACH preamble re-transmission. 
Proposal 7: If RAR corresponding to its PRACH preamble transmission indicating SI request is not received by UE, it considers that SI request is not successfully received by gNB. UE then retransmits the SI request. 
Proposal 8: During the PRACH preamble re-transmission indicating SI request, power is ramped up like any other PRACH preamble re-transmission.
If the SI request transmission is not successful even after transmitting the SI request for maximum number of retries, UE may consider the camped cell as unsuitable and perform cell re-selection, as UE cannot obtain the desired system information. In the absence of the desired system information, UE cannot obtain the desired service (associated with the system information which UE is not able acquire) from the camped cell.

Proposal 9: If the SI request transmission is not successful even after transmitting the SI request for maximum number of retries, UE may consider the camped cell as unsuitable and perform cell re-selection.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals for MSG 1 based SI request transmission:
Proposal 1:  The initial power for SI request (i.e. PRACH preamble) transmission is calculated in same manner like any other PRACH preamble transmission.

Proposal 2: After the PRACH preamble transmission indicating SI request, UE monitors the RAR window for receiving the RAR corresponding to its PRACH preamble transmission indicating SI request. 
Proposal 3: Length of RAR window for receiving RAR corresponding to its PRACH preamble transmission indicating SI request is configured in MSI. 
Proposal 4: The length of RAR window for receiving RAR corresponding to its PRACH preamble transmission indicating SI request and length of RAR window for receiving RAR for other PRACH preamble transmissions can be same or different.  

Proposal 5:   UE monitor the NR-PDCCH for RAR identified by RA-RNTI in RAR window. RA-RNTI is calculated in the same manner for PRACH preamble transmission indicating SI request like any other PRACH preamble transmission.

Proposal 6: If RAR corresponding to its PRACH preamble transmission indicating SI request is received by UE, it considers that SI request is successfully received by gNB. UE then monitors the SI window of the requested SIB in one or more SI periods of that SIB.
Proposal 7: If RAR corresponding to its PRACH preamble transmission indicating SI request is not received by UE, it considers that SI request is not successfully received by gNB. UE then retransmits the SI request. 

Proposal 8: During the PRACH preamble re-transmission indicating SI request, power is ramped up like any other PRACH preamble re-transmission.
Proposal 9: If the SI request transmission is not successful even after transmitting the SI request for maximum number of retries, UE may consider the current cell as unsuitable and perform cell re-selection.
4 References

[1]    Report of 3GPP TSG RAN WG2 meeting #97bis
[2]    3GPP TR38.804 V14.0.0, Study on New Radio Access Technology: Radio Interface Protocol Aspects
RAN2 #97bis Agreements [1]


For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request .


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. 


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








NR SI Agreements [2]


The scheduling information for the other SI includes SIB type, validity information, SI periodicity and SI-window information and is provided irrespective of whether the other SI is periodically broadcast or not.


The scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.


If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-window at every SI periodicity. Therefore the UE may send an SI request to receive this SIB.


After sending the SI request, for receiving the requested SIB, UE monitors the SI window of the requested SIB in one or more SI periodicities of that SIB.
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