Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN2#97Bis Meeting                                        R2-1702788
Spokane, US, April 3rd – 7th, 2017                        
Agenda Item:
10.4.1.4
Source:
MediaTek Inc.
Title:
NR SI Request Methods
Document for:
Discussion, Decision
1 Introduction

The agreement for SI broadcast in RAN2 NR Ad Hoc [1] is as below
Agreements related to SI provided by broadcast

1: UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 

2: One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.

3: The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.

FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.

4:  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-Period. 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 requested SIB in one or more SI periods of that SIB.

However, until RAN2#97 there is no consensus on SI request mechanism, i.e. by Msg1 method or Msg3 method. Msg1 method has a main concern in the number of reserved preambles for SI request, i.e., the number of reserved preamble for SI request may increase with the supported OSI types in the future, and thus may impact the RACH collision probability of normal RACH procedure. In contrast, Msg1 method suffers from RACH collision and thus SI request failure when many UEs send SI request. We think Msg1 and Msg3 have complementary advantages. In this paper, we propose to adopt them both so that by proper network configuration we could overcome the abovementioned concerns, i.e., deficient number of preambles for SI request and RACH collision due to massive SI request.
2 Discussion

Msg3 method is illustrated in Figure 1 and the signalling flow of Msg1 method is illustrated in Figure 2. According to our paper [2], the comparison between Msg1 and Msg3 method is in Table 1. Msg1 method is more suitable for the scenario of massive UE requesting for the same OSIs since it is without RACH collision and cannot provide UE-specific SI response. In contrast, Msg3 method is suitable for the scenario of UE-specific signalling from UE since UE identity can be included in Msg3 but suffer consequence of RACH collision. However, when an on-demand SI has a high SI request rate, gNB should adaptively configure the requested SI with broadcast, e.g. on-demand broadcast. In other words, we don't think SI unicast should be operated in a scenario with a high SI request rate. Therefore, RACH collision is not the main concern when RAN2 selects SI request method.
Observation 1. RACH collision is not the main concern when RAN2 selects SI request method since SI unicast should operate in a scenario with low SI request rate.
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	(A) Msg3 method without preamble reservation
	(B) Msg3 method with one preamble reserved for SI request

	Figure 1. Msg3 method
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	Figure 2. Msg1 method


	Table 1. Comparison of on-demand unicast methods

	Methods
	Msg3 method without preamble reservation
	Msg3 method with one preamble reservation
	Msg1 method

	Main difference (preamble reservation)
	0
	1 
	Each OSI /OSI group has a dedicated SI preamble.

	Contention of SI Request
	Yes (low)
	Yes (high), since all UE requesting for SI will use the same preamble and have collided Msg3
	No

	latency
	long, SI is delivered in Msg4
	medium, SI delivery may be finished in Msg2 if gNB makes a right guess on what SI UE is requesting for
	Short, SI is delivered in Msg2

	Msg3 transmission efficiency
	bad
	Good, since gNB knows that the Msg3 is for SI request when detecting the reserved preamble
	good

	Scalable to the number of OSI types
	Yes
	Yes
	No

	Dedicated PRACH consumption
	N/A
	1 
	# of legacy preamble = # of OSI types/ groups

	PDCCH overhead
	2 PDCCH (Most)
	1 or 2 (Medium)
	1 PDCCH (Least)

	Suitable scenario
	An OSI / OSI group with low or medium SI request rate
	An OSI / OSI group that has low SI request rate
	· An OSI/ OSI group that is frequently requested, e.g. just updated 

· An OSI/ OSI group that is served for latency-critical service

	UE specific singling
	Yes, since UE identity can be carried in Msg3
	Yes, since UE identity can be carried in Msg3
	No


The main concern of Msg1 method, discussed in RAN2 NR AH and RAN2#97, is the impact of reserved preamble on RACH collision probability of normal RACH procedure. In NR, due to the application of OFDM for uplink transmission, it is expected to have significantly increased PRACH resources compared to LTE since PRACH could be configured anywhere in the system bandwidth. Unlike in LTE, due to the usage of single carrier (SC-FDMA) in uplink, PRACH frequency allocation in LTE is limited. Therefore, we assume NR PRACH capacity is sufficient to support Msg1 method. For example, we could allocate a RACH band dedicated for OSI request, as illustrated in [3]. However, R1 has the final say on PRACH capacity and it is difficult for R2 to say that PRACH resource is sufficient to support Msg1 method.
Observation 2. NR RACH capacity is decided by RAN1. It is difficult for RAN2 to decide that PRACH resource is sufficient to support Msg1 method. 
Notice that even if Msg1 method could be efficiently supported by NR RACH capacity, Msg3 method is still beneficial in UE-specific SI delivery. For example, by Msg3 method UE could request multiple SIBs at one time. In contrast, UE may need to send multiple SI requests if Msg1 method is applied. Moreover, Msg3 method could reuse all advanced design of RACH procedure for beam tracking in HF scenario. Furthermore, in Msg3 method it is possible for UE to provide more information to achieve higher efficiency than Msg1 method in the transmission of SI response, especially when the size of SI response is large. 
Observation 3. Msg3 method is beneficial in providing UE-specific information for improving SI delivery efficiency.
In addition to increased NR PRACH capacity, some approaches can be considered to address the concern of exceeding RACH preamble occupation from Msg1 method, e.g.
1. OSI grouping. Divide OSI into several groups, and OSI in the same group shares the same dedicated preamble, i.e. OSI group dedicated preamble.
· Since multiple OSIs share the same preamble, the total number of occupied preamble for SI request is reduced.

· gNB could intelligently send selected OSIs to UE with Msg2 no matter which OSI in the OSI group is requested by the UE. This is a tradeoff between resource efficiency and SI request latency.

2. Selective dedicated preamble assignment. Assign dedicated preamble to only those OSI with frequent request and/or critical latency requirement.

· It is unlikely that all OSIs are with high request rate at the same time. A more realistic scenario is that for different OSI, the OSI request traffic is triggered by different events, e.g. when some SIs are just updated. That is, bursty SI request traffic for different OSI probably happens at different timing. Thus, we think there is no need to always allocate all OSI with dedicated preamble. In contrast, gNB should only configure a dedicated preamble to an OSI when there is a need. 
· The mapping between OSI and the dedicated preamble is RACH configuration for SI request and could be broadcast in minimum SI. For those infrequently requested OSI, gNB reserve a dedicated preamble for all of them. In other words, each frequently requested OSI would be assigned a dedicated preamble, while those infrequently requested OSI share a common preamble. Frequently requested OSI (or latency critical OSI) is delivered through Msg1 method, while other OSI is delivered through Msg3 method. If gNB finds that an OSI through Msg3 request has higher collision probability in Msg3, gNB could switch the OSI in minimum SI as Msg1 requested OSI, i.e., assign the OSI with a temporarily dedicated preamble. If multiple UEs request for multiple OSIs at the same time, e.g. the scenario of group mobility, a dedicated preamble could be configured in minimum SI for UEs to request multiple OSIs through Msg1 method, i.e., one dedicated preamble maps to a set of OSIs.
3. Configurable SI preamble periodicity. The periodicity of RACH occasion for SI request preamble could be configured longer than the periodicity of normal RACH occasions. This approach could reduce the impact of Msg1 method on RACH collision probability with the price of longer SI request latency.

Observation 4. At one time instance only a few OSIs are with high request rate.
Observation 5. There is no need to always allocate all OSI with a dedicated preamble.

Observation 6. Applying Msg1 method to only those OSI with high request rate or latency-critical service related critical can reduce the impact on normal RACH procedure.
3 Conclusion

In this paper, we made the following observations and proposals:
Observation 1. RACH collision is not the main concern when RAN2 selects SI request method since SI unicast should operate in a scenario with low SI request rate.
Observation 2. NR RACH capacity is decided by RAN1. It is difficult for RAN2 to decide that PRACH resource is sufficient to support Msg1 method. 

Observation 3. Msg3 method is beneficial in providing UE-specific information for improving SI delivery efficiency.
Observation 4. At one time instance only a few OSIs are with high request rate.

Observation 5. There is no need to always allocate all OSI with a dedicated preamble.

Observation 6. Applying Msg1 method to only those OSI with high request rate or latency-critical service related critical can reduce the impact on normal RACH procedure.

From the discussion above, we think a reasonable SI request framework for NR is that minimum SI includes the mapping between frequently requested or latency critical OSI types and the corresponding dedicated preamble. For an OSI in the mapping, UE requests the OSI with Msg1 method; otherwise UE requests the OSI with Msg3 method. We further propose network can optionally configure a dedicated preamble is reserved for SI request through Msg3 method. 
Proposal 1. NR adopts both Msg1 and Msg3 method as SI request methods.

Proposal 2. SI request method is OSI-/OSI-group specific, and when to use Msg1 and Msg3 method for each OSI-/OSI-group is up to network configuration.

Proposal 3. Minimum SI optionally includes the mapping between OSI/OSI-group and dedicated preamble for SI request through Msg1 method.
Proposal 4. Minimum SI optionally includes a preamble dedicate for SI request through Msg3 method.
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5.5.3
System information handling

System information is divided into minimum SI and other SI. Minimum SI is periodically broadcast. The minimum SI comprises basic information required for initial access to a cell and information for acquiring any other SI broadcast periodically or provisioned via on-demand basis, i.e. scheduling information. The other SI encompasses everything not broadcast in the minimum SI. 

The other SI may either be broadcast, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE as illustrated in Figure 5.5.3.1.2-1. For the other SI required by the UE, before the UE sends the other SI request the UE needs to know whether it is available in the cell and whether it is broadcast or not. The UE in RRC_IDLE or RRC_INACTIVE should be able to request the other SI without requiring a state transition. Both Msg.1 and Msg.3 can be used to request other SI. If Msg1 is used to request an other SI, the corresponding preamble is configured in minimum SI. For other SIs do not have configured preamble, Msg.3 is used to request those other SIs. In addition, network can configure one preamble for Msg,3 SI request in minimum SI. For the UE in RRC_CONNECTED, dedicated RRC signaling can be used for the request and delivery of the other SI. The other SI may be broadcast at configurable periodicity and for certain duration. It is network decision whether the other SI is broadcast or delivered through dedicated UE specific RRC signaling.
 Each cell on which the UE is allowed to camp broadcasts at least some contents of the minimum SI, while there may be cells in the system on which the UE cannot camp and do not broadcast the minimum SI. For a cell/frequency that is considered for camping by the UE, the UE should not be required to acquire the contents of the minimum SI of that cell/frequency from another cell/frequency layer. This does not preclude the case that the UE applies stored SI from previously visited cell(s). If the UE cannot determine the full contents of the minimum SI of a cell (by receiving from that cell or from valid stored SI from previous cells), the UE shall consider that cell as barred. It is desirable for the UE to learn very quickly that this cell cannot be camped on.

NOTE 1:
Reception of the minimum SI via SFN is not precluded and pending the outcome of RAN1 study.


NOTE 2:
It is FFS whether there is an additional indication that an on- demand SI is actually being broadcast at this instant in time.
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