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1 Introduction

During RAN2#95 based on proposals in [1] it was agreed to further study mechanism involving UE initiated request for Other SI delivery, which is termed as “On Demand SI delivery”. In Email discussion [95#29][NR], proposals for quantitative evaluation of on demand SI delivery are discussed and verified. This paper justifies the necessity of supporting on demand SI delivery in NR, and provide our views on the detailed design of on-demand SI delivery method.
2 Discussion
2.1 Advantage and concerns of On-demand SI delivery
Support of on-demand SI delivery enables the cell to reduce periodic downlink broadcast signalling, i.e. , instead of broadcasting other SI with legacy broadcast manner, UE proactively initiates SI request procedure to get desired SI. If the frequency that UEs in the same cell/TRP initiates SI request is not high, e.g. low SI request rate, then the gain of reducing periodic signaling would be significant.
Reducing periodic downlink broadcast signalling have multiple advantages. First, network energy consumption could be reduced since with on-demand SI delivery eNB has no need to always broadcast other SI periodically. Instead, eNB can save power when no UE requests for SI, and the scenario of no UE’s SI request may be usual for small cell, in which there may be no or only a few UE are active. With reduced periodic signalling, the interference of a cell to neighboring cell is probably reduced, and thus the density of small cell deployment can be further enhanced. Moreover, for HF scenario, the singaling overhead for periodic broadcast is scaled up since eNB needs to broadcast the same SI information in different directions. In contrast, with on-demand delivery approach there is no need for duplicated SI transmission because eNB knows the direction of the requesting UE during on-demand SI request procedure.
Although on-demand SI delivery has advantages as above, its concerns are also addressed. First, UE needs to initiate SI request procedure rather than listen to SI broadcast only, so UE power consumption is increased. In addition, SI request procedure needs to have signalling exchange between UE and the cell, which put burden on both UL (PRACH and PUSCH) and DL (PDCCH) directions. Whether the required signalling overhead for on-demand SI delivery is less than periodic broadcast depends on several factors, such as the design of SI request procedure (e.g. broadcast or unicast), SI request rate, and on-demand SI message. Some evaluation results are provided by our Tdoc in [2]. Moreover, increased UL load from on-demand SI delivery may be a concern for system with limited UL bandwidth or heavy UL load because UL congestion may occur and impact the latency of use plane data transmission.
Observation 1. The advantage of on-demand SI delivery is in reducing periodic broadcast signalling, and thus has potential in improving DTX performance, reducing inter-cell interference, and decreasing duplicate overhead for HF scenario.
Observation 2. The main concerns of on-demand SI delivery is in UE power consumption and impact to system UL load.

From observation 2, we can see the disadvantages of on-demand SI delivery is more significant mainly for the scenario of high SI request rate or high system load. For scenarios with low SI request rate and low system load, the negative impact is negligible, and thus it is preferred for the network to enable on-demand SI delivery. Furthermore, on-demand SI delivery could be enabled on a per-SIB base, e.g. use periodic broadcast for SI with high request rate, and use on-demand SI delivery for SI with low request rate.
Proposal 1.
 It’s up to network implementation whether to enable on-demand SI delivery, e.g. considering UE density and UL system load. And the decision could be on a per SIB basis.
2.2 On-demand SI delivery through Unicast and Broadcast

As mentioned before, signaling overhead reduction gain of on-demand SI delivery over periodic broadcast depends heavily on the detailed design of SI request procedure. In [2], we compare three schemes as illustrated in Figure 1.
· Option 1. Periodic broadcast
· It is the baseline as in legacy LTE. eNB periodically broadcast non-essential SI.
· Option 2. On-demand broadcast.

· eNB reserves DL resources periodically for SI transmission. 
· When a UE in idle mode needs non-essential information, it sends a SI preamble to inform eNB of the intention for on-demand SI request. 
· After receiving RAR, UE sends its SI request. After receiving SI request, eNB then send the corresponding SI response in the following reserved resources for SI transmission. UE who send SI request monitor the reserved SI resources, and retrieve desired SI.
· If no UE requests for SI information, the reserved resources can be utilized for other data transmission.
· Option 3. On-demand Unicast

· When UE in idle mode needs non-essential information, it first finishes initial access procedure and gets RRC connection, and then send SI request. eNB then sends SI response to the UE with unicast.
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Figure 1 Illustration of three options for non-essential SI delivery

The evaluation of on-demand broadcast and on-demand unicast consider issues as below.
· On-demand broadcast

· SI response is transmitted with low MCS level (e.g. MCS level 0) due to lack of power control.

· The size of SI request could be small (e.g. a few bytes). The reason is that UE does not aim to build RRC connection, so there is no need for SI request to include UE ID or MAC contention resolution identity.

· On-demand unicast

· SI response is transmitted with high MCS level (e.g. MCS level 13) due to power control.

· In our modelling, we assume that UE will do the whole initial access procedure before SI request, so Msg3 is with UE ID and MAC contention resolution identity. 
· Our evaluation in [2] shows that on-demand broadcast is always better than on-demand unicast given SI message size as 100 bytes and 200 bytes. In fact, if we consider even larger SI message size, e.g. 500 bytes, on-demand broadcast will take more PRB in SI message transmission (due to low MC level) compared to the PRB consumption of on-demand unicast, as shown in Fig1.
· There are different possible design of on-demand unicast. For example, UE could transmit SI request after RACH procedure because after RACH procedure eNB knows UE ID, and can transmit SI message size with higher MCS level. 
Observation 3. On-demand broadcast has less signalling messages, better user sharing gain, and worse MCS level for SI message transmission. In contrast, on-demand unicast has more signalling messages (for connection establishment) but better MCS level for SI message transmission.
Since on-demand broadcast and on-demand unicast have their own advantages, we propose to support the both scheme for on-demand SI delivery in NR from the perspective of network configuration flexibility.
Proposal 2.
On-demand SI delivery (broadcast and unicast) should be supported by NR.
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Figure 2 Signaling overhead for different UE number and SI size
3 Conclusion
Proposal 1.
On-demand SI delivery (broadcast and unicast) should be supported by NR.

Proposal 2.
 It’s up to network implementation whether to enable on-demand SI delivery, e.g. considering UE density and UL system load. And the decision could be on a per SIB basis.
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