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Introduction
This is the report of email discussion on [95#29][NR] On demand SI.
[95#29][NR] On demand SI (Samsung)


Analyse the benefits and disadvantages of the on demand SI delivery. To include consideration of all the performance evaluations provided to the meeting, and also consideration of other factors. Assumptions used in the performance evaluations are to be verified. Recommendations from the analysis can also be discussed.


Intended outcome: Email discussion report to next meeting


Deadline: Thursday 22/09/2016
Email Discussion
During RAN2#95 based on proposals in [1] it was agreed to further study mechanism involving UE initiated request for Other SI delivery. Such mechanism of SI delivery involving UE request can be generically termed as “On Demand SI delivery”. Several contributions [2], [3], [4], [5], [6] quantifying the performance of “On demand SI delivery” mechanism were submitted to RAN2#95. Based on the floor discussion for [2] and [3] it was agreed to have an email discussion. The following issues have been identified for further discussion:
Issue 1: Verify the assumptions and metrics used in the performance evaluations presented in [2], [3], [4], [5], [6].
Issue 2: Analyse the benefits and disadvantages of the on demand SI delivery.

Issue 3: Capture those performance evaluations in RAN2 TR whose assumptions and metrics are valid upon verification.
Issue 4: Provide some recommendations on the “On demand SI delivery” mechanism
Issue 5: Other considerations/aspects 
Issue 1: Verification of the assumptions and metrics used in the performance evaluations
Assumptions used in [2]:

1. The following Table 1 lists the assumptions for cell size, user density and user speed
2. Number of cells in SI validity area = N upon which UE triggers SI request

3. Other SI is delivered in unicast manner

4. Beamforming assumed with 4 beams i.e. beam sweeping factor = 4
5. SI bits = X1+X2 = 528 bits where X1 is minimum SI and X2 is other SI

a. X1 = 40 bits or 100 bits

b. X2 = 428 bits or 488 bits

6. Repetition of minimum SI = 4

7. HARQ re-transmission rate = 4 is assumed for SI response transmitted in unicast manner
Table 1
	Deployment Scenario – Parameters
	M1: Dense Urban
	M2: Rural
	M3: Urban Macro
	M4: Dense Urban High Ud
	M5: Urban Macro High Ud

	Cell Size (R in meters)
	100
	866
	250
	100
	250

	Total no. of users in a cell
	2000
	2000
	2000
	31400
	196000

	User speed 1 (in KM/h)
	3
	3
	3
	3
	3

	User speed 2 (in KM/h)
	30
	120
	30
	30
	30

	% of users with UE speed 1
	80%
	50%
	80%
	100%
	100%

	% of users with UE speed 2
	20%
	50%
	20%
	0%
	0%


Metrics used in [2]:
1. Number of SI request per sq.km per second = Number of SI responses per sq.km per second

2. Signaling cost in terms of bits per second per sq.km

3. Overhead analysis compares the signalling cost to deliver the same number of SI bits (i.e. 528 bits) to the UE by using the all broadcast approach and the on-demand approach
	Company
	Comments on the assumptions and metrics used in [2]

	Nokia, Alcatel-Lucent Shanghai Bell
	Assumptions:

· Table 1 is OK but we would like to better understand how the numbers for total number of users in a cell are derived. It is not clear which assumptions were used, which should be clarified (i.e. Total number of users in a cell could be revised based on assumptions).
· Having 4 sweeping beams seems very little - we should consider higher values as well to understand the effects of beam dimensioning, e.g., tens or hundreds beams could be considered in addition.
· The actual size of minimum SI (=X1) and other SI (=X2)are still FFS – hence, the numbers used here should only be considered as indicative. For example, the other SI size X2 could well end up being much higher than 428 bits (see e.g. DCM paper [3] on this – removing essential SI from LTE SI ends up having ~5000 bits as other SI size).
· The size of Minimum SI has to differentiate between the size of MIB and the remaining minimum SI carried out possibly on a separate channel having different periodicity and repetition than MIB.
· The actual repetition of minimum SI depend on RAN1 decisions on the minimum MCS and code rate that can be configured for broadcast transmission. RAN2 should start with some assumptions, but it is essential to differentiate the repetitions of MIB and the remaining minimum SI (similar as LTE MIB, SIB1 and SIB2 have different periodicities). The Other SI is expected to have as well different periodicity and repetition than MIB and remaining minimum SI.
· HARQ re-transmission is needed only if the UE fails to decode the SI response. We assume 4 is used as the maximum number of retransmissions, as having 4 re-transmissions on average seems to imply large PBCH failure rate, which may cause an overestimation of the overhead. We would assume amuch smaller value could be considered e.g. 1.5.
Metrics:

· The motivation for bps/sq.km is not clear – yes, SI is provided over the whole cell area, but expressing the signaling cost in terms of bps/cell seems more natural. 
· For the On-demand approach, it is useful to differentiate between On-demand SI received by unicast and On-demand SI received by broadcast.

	Sharp
	In principle we agree on the assumptions and metrics used in [2], although we think the metrics need to cover both on-demand unicast and on-demand broadcast. It is not clear to us where the total number of bits (528 bits) came from.

	Samsung
	Response to Nokia:
· User per cell is based on the assumption in TR 38.913 for user distribution and UE speed. We further derived the total number of users assuming an activity factor of 1%.
· Beam sweeping factor of 4 is is showing the impact of beam sweeping on signalling cost.

· We do not know what will be the size of minimum SI and other SI in NR. The intention was to show the trend what one can expect with on demand approach.

· For fair comparison the MCS and code rate is assumed for all broadcast approach and on demand approach.

· Agree with Nokia on HARQ re-transmission. So the analysis assumes worst case for the on demand approach.

In our opinion the assumptions in [2] are valid. Beamforming is expected to be extensively used in NR systems (especially high frequency bands) so if cells on such high frequency broadcast minimum SI then beam sweeping cannot be avoided. The analysis in [2] shows the impact of beam sweeping on signaling cost which seems justified. 

In our opinion the signaling cost in terms of bits per second per sq.km is a valid metric to compare the signaling cost of all broadcast approach and the on demand approach because the on demand approach assumes the concept of SI validity area which can be more than one cell.

Agree with Nokia the on demand broadcast approach shall be considered which has been considered in the analysis of [4].

	CATT
	In general, we consider the assumptions as pessimistic wrt the on-demand cost (e.g. nb of users in cell, UE always reacquire SI when changing validity area, other SI always delivered in unicast, ...). It is also true that it is uneasy to come up with PHY parameters values before RAN1 has made more progress, but we need to start with something and the assumptions taken here seem reasonable. It is also true that the total amount of other SI can be larger than 488 bits however UE may need to request only a subset of other SI.

	MediaTek
	The amount of other SI seems a bit small. The amount is more like average size of other SI UE request after cell change.

We think on-demand broadcast shall be considered, because it should be the baseline for NR SI.

	NTT DOCOMO
	On the assumptions, it looks o.k. as long as the reasoning of them is clear to everyone. Nevertheless, some of them require further clarification as provided below:

· On table 1, although the proponent answered that the number of users in a cell was based on the assumption in TR 38.913, the number in Table 1 is not stated in the TR as it is. So, it should further be clarified how these numbers were derived.

· On the beam sweeping factor, it is still not clear how it is related to on-demand SI provisioning. If the sweeping factor is something like the sectored cell, there is no radio resource overhead and each sector can leverage the whole radio resources, respectively. Given that each beam can operate as a single cell, how it is related to the cost of SI provisioning needs to be elaborated.

· On SI bits, I agree with Nokia that the reason of the assumed bit size should be explained if the results are to be captured in the TR.
On the metrics, I share the same view as Nokia commented that bits/cell is an essential metric to be considered. It is not clear to us why the geographical size (km) is related to the analysis of SI provisioning. If the number of UEs in the cell and the probability of requesting the SI are assumed by a certain distribution model like [6], it is enough.

	Qualcomm
	On our understanding, RAN1 agreed cell radiuses are:

Dense Urban 115m, Rural 1000m, Urban Macro 288m.

Apart from that table 1 looks fine to us.

We agree with Nokia and Samsung that we should study on-demand broadcast approach as well.

We agree with CATT that UE should be able to request only a subset of other SI.

	Huawei, HiSilicon
	

	Intel
	In general, we’re OK with the assumptions and metrics in [2].

Agree with Nokia on the HARQ retransmission. This is also related to the MCS setting for both broadcast and unicast. Typically, for broadcast, MCS is set to achieve a certain BLER for certain coverage e.g. 1% BLER for 99% coverage. For unicast, MCS is selected for a certain initial BLER target given the CQI report, e.g. 10%. Therefore for most UEs, much higher MCS level (more resource efficient MCS level) can be selected for unicast and the average number of total retransmissions are typical low e.g. 1.x transmission (as noted by Nokia).

	Ericsson
	In general, we agree with the comments from Nokia. In addition we have following comments:

· We think it is too early to conclude that beam sweeping will be required for the broadcasted part of system information, before we have better understanding of the amount of information that needs to be broadcasted. 

· Since the definition of cell is not yet settled, we would prefer inter-site distance instead to define suitable areas, possibly using traditional three sector configuration as the assumption and the “site area” being sqrt(3)/2*ISD^2.

· Also more challenging propagation conditions could be considered for evaluation, e.g. larger inter site distance, deep indoor UEs, 

The number of users in scenarios M4 and M5 seem rather high, seems to represent machine UEs, which should then probably be modelled as stationary UEs. In general, the user density seems rather high also in the other scenarios, which means the gains of on demand SI could be even larger than shown in the results.

	NEC
	Regarding the beamforming (‘beam sweeping’), it is fine to consider it. However, it is not clear to us how much it impact on the conclusion. E.g., if benefits of On demand SI is expected with the number of beams larger less than (or larger than/equal to?) N, the legacy periodic broadcast approach is applied for the number of beams larger than (or less than?) N?

	ZTE
	Generally fine with table 1.

Agree with Nokia on the HARQ retransmission and agree with others that broadcast transmission of on-demand SI should be considered

	Samsung (26/09/2016)
	Response to Sharp:

The total of 528 bits is based on LTE MIB, SIB1 and SIB2 just as an example.

Response to NTT DOCOMO on assumptions
In TR 38.913 10 users active users per TRP is considered. Instead of 10 active users we considered 20. Further since TR 38.913 considers active users and we wanted to considered total number of users so we assumed a very conservative value for the activity i.e. 1% activity giving the total number of users as 2000 for M1 to M3. M4 and M5 are very high density scenarios. Further the result depicted in Figure 4 of [2] has considered different number of users than that assumed in Table 1.
Beam sweeping factor is not related to high degree of sectored cells. For eg. in traditional 3-sector sites within one of the sector (i.e. cell) the beams used for broadcast transmission can be transmitted sequentially in time which can be termed as beam sweeping. RAN1 has agreed few terminologies related to beam forming in last RAN1 meeting. We will have a contribution in upcoming RAN2 meeting to build common understanding in RAN2 on these beam forming related terminologies. 

As responded to Nokia comments we have shown the trend assuming total SI of 528 bits and we believe the trend will not change with other values for SI bits

Response to NTT DOCOMO on metrics

Same response as given to Nokia comment. Further since the metrics is normalized to show the analysis it does not matter whether it is bps/cell or bps/sq.km.
Response to Ericsson

We agree with CATT and Ericsson that the assumptions for the on-demand approach are rather pessimistic.


Rapporteur summary on the assumption and metrics used in [2]
1. Samsung clarified the assumptions and metrics used in the analysis. Samsung believe the trend may not change even if harmonized assumptions are used because the assumptions for on demand approach are rather pessimistic.
2. Out of the 11 companies who responded 6 companies are fine with the assumptions used in [2].

3. Out of the 11 companies who responded 6 companies expressed to consider the on demand broadcast approach for evaluations.

4. Regarding the metrics, most results are depicted after normalization so not sure how different the results will look if bps/cell is used instead of bps/sq.km.

Assumptions used in [3]:
1. Size of SIB1 to SIB20 and respective periodicity and repetition is listed in Table 2.
2. SIB1 to SIB20 size is derived by assuming all of optional fields are present and the size of list is set to 1 for simplicity
Table 2
	SIB type
	SIB size [octet]
	SI periodicity [ms]
	Repetition within SI window

	SIB1
	59
	80
	4

	SIB2
	110
	160
	1

	SIB3
	35
	320
	

	SIB4
	9
	
	

	SIB5
	80
	
	

	SIB6
	44
	640
	

	SIB7
	12
	
	

	SIB8
	104
	
	

	SIB9
	4
	
	

	SIB10
	8
	
	

	SIB11
	10
	
	

	SIB12
	13
	
	

	SIB13
	10
	
	

	SIB14
	6
	
	

	SIB15
	17
	
	

	SIB16
	12
	
	

	SIB17
	38
	
	

	SIB18
	101
	
	

	SIB19
	130
	
	

	SIB20
	9
	
	


3. System Bandwidth = 20 MHz and 80 MHz
4. For each SIB, required Resource Blocks are calculated assuming that the target SIR is – 6 dB.
5. Maximum SI window to derive resource blocks = 640 ms
Metrics used in [3]:
1. Overhead ratio in terms of signallingcost over the system bandwidth
2. Signalling cost in terms of resource blocks is derived for:

a. Transmission of SIB1 to SIB20 for all broadcast cost
b. Broadcast of only SIB1 to SIB5 is considered for on demand approach 
	Company
	Comments on the assumptions and metrics used in [3]

	Nokia, Alcatel-Lucent Shanghai Bell
	Assumptions:

· The actual SI periodicities and repetitions for NR is FFS. However, the stated values can be taken as ball-park figures for evaluation. We should also consider several different values for the periodicity of Other SI to compare their effect of different SIB periodicities.

· The required number of resource blocks for broadcast transmission is computed without considering beam sweeping which is applicable for NR, in particular for systems operating at high carrier frequency. The impact of beamforming has to be considered in the calculations byscaling the number of resources required for unicast transmission compared to broadcast. 

Metrics:

· We think metric 1 (overhead ratio) is reasonable to consider, assuming PHY layer assumptions for the NR are defined. We would only note thatthe paper [5] assumes LTE PHY, and the assumptions would have to be adapted for NR for better analysis.

· The on-demand approach (2b) should also consider the number of resources required to transmit the Other SI in addition to those needed to periodically broadcast the minimum SI.


	Sharp
	Signaling cost over system bandwidth would be a suitable metric when we assume the system is always fully loaded, but would not reflect performance under a typical/practical condition. If the system is sparsely loaded, reducing the broadcast signaling burden could contribute to saving large portion of energy/radio resource usage.

	Samsung
	We think the metric of overhead ratio with respect to available PHY resources is useful to understand what percentage of resources is consumed for SI delivery.

In our opinion we intend to compare signaling cost of all broadcast approach and on demand approach so this would be independent of system bandwidth or available PHY resources. Considering system bandwidth in the assumptions may be misleading for interpretation of the quantitative analysis.

	CATT
	It is good sense to use LTE SIBs to assess SI overhead, to start with. However, NR will involve a much higher degree of flexibility with supporting different services and slices, different numerologies, different deployment configurations with potentially a stack split across different nodes (e.g. CU/DU), etc and this is naturally expected to further evolve, feature-wise, across releases. Therefore it should be expected that the SI space will also increase accordingly. So in our view, the requirement for designing a forward compatible and future-proof design, although not a quantitative argument, should be taken into account for the justification of studying on-demand SI delivery.

	MediaTek
	We agree with Samsung that the point is to compare the singling cost / resource usage of broadcast scheme and unicast scheme. So it seems no need to emphasize the system bandwidth except for the situation that system bandwidth or PHY resources is significantly occupied by signalling from unicast scheme. 

	NTT DOCOMO
	To answer some of Nokia’s comments:

· We’re o.k. to evaluate the overhead ration by the other assumptions in terms of SI periodicity, SIB size, etc. In that case, we need to develop the common consensus on these values.

· If the beam forming operation is assumed, the common understand should be built as to how MIB/SIBs are broadcast. So far, it is not clear to us as commented to [2].

· We agree that it is better if NR PHY is modeled for the evaluation. However, since it is still under studying in RAN1, it is hard to assume what the NR PHY is. We believe that the evaluation results based on LTE PHY can also provide sufficient insight into the gain of SI provisioning.
· We’re o.k. to take into account the number of resources required for the dedicated on-demand SI delivery. In that case, a certain distribution model like [6] needs to be assumed. We need to make a consensus whether it is up to the proponent or should be decided amongst interested companies. In addition, if the SI is provided by dedicated signaling, MCS needs to be assumed to derive the required resource blocks. However, it of course hinges on the channel condition experienced by the UE. It is somewhat difficult to evaluate the required resources precisely.
To answer Samsung and MediaTek comments, if the required resources are compared between the legacy and on-demand SI provisioning, the gain is artificially emphasised. It is something like claiming the 20 % gain by reducing the required bits from 5 bits to 4 bits… We should see the whole picture to understand how much portion of the gain we’re seeking compared to the whole available resources. Therefore, we’re of opinion that the gain should also be evaluated by the traditional definition of the broadcast overhead ratio compared to the entire system bandwidth.

	Qualcomm
	We also think using the LTE SIBs to assess SI overhead to start with.

We agree with Samsung and MediaTek that it would be better to compare the signaling cost of the broadcast scheme and the unicast scheme independently from the system bandwidth.

	Intel
	We agree with Nokia that beamforming aspects should be considered.

In [3], the number of bits for each SIB is derived by assuming all of optional fields are present and the size of list is set to 1. Although this is a systematic approach, this might not represent the typical deployment case. For example, based on TS 36.508 (Common test environments for User Equipment (UE) conformance testing) section 4.4.3.3, SIB2 roughly has 110 bits, which might be much less compared with 110 bytes in the analysis in [2]. On the other hand, in some SIBs, the size of list might be larger than 1. For example, SIB5 includes information for inter-frequency cell reselection, and the size of list is 3 according to TS 36.508 section 6.3.1.2. Of course TS 36.508 is only for test, but we can see that there might be quite different values compared with the values used in [3].

Another related comment is that the analysis in [3] assumed that SIB1 to 5 as minimum SI. This might needs further discussion as most companies in email discussion [94#40] assumes that minimum SI contains LTE MIB, SIB1 and SIB2. 

In summary, the ratio of other SI to all SI might be increased compared with the analysis in [3] if above comments are taken into account.

	Ericsson
	In addition to overhead ratio in terms of percentage of total system bandwidth, a perhaps more interesting case is the unloaded system, for which absolute reduction of broadcasted SI is the more interesting figure and affects system energy consumption.

Another interesting metric could be fraction of time spent distributing SI, since that gives an understanding of the network opportunities for DTX/sleep mode. Also the length of the DTX/sleep duration is of interest, since this impacts the sleep mode power consumption.

	NEC
	We agree to assume LTE SIB size for now when the frequency resources (RBs) in a subframe is also taken into account in the evaluation. 

	ZTE
	In general we agree with Samsung and MediaTek that it would be better to compare the signaling cost of the broadcast scheme and the unicast scheme independently from the system bandwidth.

Similarly to others, we also believe that it’s ok to assume for now a LTE PHY.


Rapporteur summary on the assumption and metrics used in [3]
1. NTT DOCOMO clarified the assumptions and metrics used in the analysis. NTT DOCOMO is interested in showing the complete picture for the analysis in terms of relative gains for the two approaches considering the system bandwidth and absolute gains where system bandwidth is not considered.

2. Out of the 11 companies who responded 5 companies suggested evaluating only the absolute gains independent of the system bandwidth. 3 companies are in favor of relative gains taking the system bandwidth into account.
3. Out of the 11 companies who responded 6 companies suggested considering as baseline the LTE SIBs and their periodicities and LTE PHY assumptions for the analysis.

4. 2 companies expressed the concern that beam forming operation for SI distribution is not clear in RAN2. 3 companies expressed beam forming operation shall be considered for SI distribution at least in high frequency bands.
5. One company suggested considering DTX/sleep duration as a metric to analyze system energy efficiency.
Assumptions used in [4]:
1. SI request rate following Poisson distribution λ
2. Traffic Model Assumptions and Parameter Settings as shown in Table 3
Table 3
	Parameters
	Values

	SI request rate for each UE
	3 minutes

	SI request size
	4 bytes, because there is no need to include UE ID as RRC connection request

	SI response
	100 bytes, 200 bytes


3. Si window period = 200 ms
Metrics used in [4]:
1. Signaling overhead in terms of number of resources blocks per ms is derived for:

a. All periodic broadcast (legacy LTE approach)

b. On-demand broadcast approach

c. On-demand unicast approach
	Company
	Comments on the assumptions and metrics used in [4]

	Nokia, Alcatel-Lucent Shanghai Bell
	Assumptions:

· It is not clear why a single SI request rate is used and where it comes from. Clarifying this and generating results with different SI request rate would give a more overall picture of the impacts of effects of SI request load. 

· The size, repetition and periodicity have to be differentiated between MIB, remaining minimum SI and Other SI.

· It is not clear in the paper if the impact of beamforming used for broadcast in NR systems is considered in the calculations. The impact of beamforming has to be considered in the calculations by scaling the number of resources required for unicast transmission compared to broadcast.

Metrics:

Two metrics can be used depending on whether the PHY layer assumptions for NR are defined: 

1. Signaling overhead as a percentage of the available resources (assuming we know the maximum available PHY resources) as in [3] 

2. An efficiency ratio between the resources required by each SI delivery approach as in [5] (if we don’t yet know the maximum available PHY resources).


	Sharp
	For on-demand broadcast, [4] appears to assume only one response transmission upon receiving an SI request, but repetitions may need to be taken into account for reliable delivery of broadcast compared to unicast approach. In addition, the effect of SI request retransmissions (when UE fails to receive on-demand broadcast SI) may not be negligible with a higher number of UEs and therefore needs to be also considered in the evaluation.

	Samsung
	1. Question for clarification on the SI window period = 200 ms. Is this periodicity of the SI broadcast for the all broadcast approach? 

2. Does the on-demand approach consider some minimum SI which is periodically broadcasted?
3. Is the cost of 4 bytes as SI request considered in the cost for on demand approach? 
Comparison of signaling costs for all broadcast and on-demand unicast approach gives the lower bound for the gain that can be achieved with on-demand approach. On the other hand comparing the on-demand broadcast approach gives the upper bound. Therefore we think such analysis is useful.

	CATT
	The simulation parameters are OK, but the values are limited. A wider range of e.g. SI request rate would give a larger picture. Some other on-demand solutions would lead to even less overhead e.g. approach 2 in R2-164693.

	MediaTek
	Response to Nokia:

· Here we assume a single SI request rate as the sum of UE’s SI request rate for multiple kinds of SIs. The SI window, 200 ms, also takes into consideration of UE’s mobility, i.e., UE request SI after its serving cell changes.
· A single SI request rate can also be interpreted as that we assume all Other SI applies the same SI request rate. From the viewpoint, we agree with Nokia that different SI request rates cause different results, and thus the impact of different SI request on system load could be further study for a complete understanding.
· In this paper we do not put the result considering the effect of beamforming. We also agree that the signalling overhead for periodic broadcast will be scaled up considering beamforming.
Response to Sharp:

· Yes in our modelling we not yet consider SI response repetition and SI request retrial.
· If SI request does not cause severe UL congestion, then our modelling can be easily enhance to consider the effect of SI response repetition. For SI request retrial, we think more RACH procedure like assumption like the number of preamble, back off indicator, and available PDCCH for UL grant and SI response should be made. It makes the analysis interesting but more complicated. And the concern of SI request retrial may not change our conclusion: on-demand unicast has much more signalling overhead than periodic broadcast scheme when SI request rate is large.
Response to Samsung:

· SI window period: yes, the SI window period = 200 ms applies to both periodic broadcast scheme and on-demand broadcast scheme.
· Delivered content: in our paper we assume that on-demand approach is used to deliver Other SI, and not for some minimum SI. 
· SI request cost: yes it has been considered as the cost of on-demand approach.

	NTT DOCOMO
	As long as the assumptions and the metrics are clear, the results can be captured in the TR. In addition to what was commented so far, we’d like to understand what the on-demand broadcast approach is. Depending on its characteristics, more assumptions are needed. For instance, if the mechanism is such that the eNB broadcasts other SIB(s) temporary based on the UE request, how long they are broadcast temporary also affects the gain.

	Qualcomm
	We agree with Nokia that it is not clear why a single SI request rate is used and where it comes from.
As we proposed in R2-165576, UE should be able to request NW to provide a subset of SI to reduce the SI provisioning overhead. So the subset other SI signaling should be taken into account for the on-demand SI evaluation.

	Intel
	In the simulation results of [4], on-demand broadcast is always better than on-demand unicast. Some clarification might be needed. Intuitively, when the number of UEs is small, on-demand unicast might be better since unicast might have better resource efficiency. Therefore one question for clarification is that whether the difference between the resource usage for broadcast or unicast is considered? Among the factors, one is the beamforming aspect as noted by Nokia. The other aspects could be the benefit of link adaptation for unicast. Also for unicast, UE can request certain feature specific SIB transmissions (e.g. MBMS)

	Ericsson
	Essentially we have the same comments here as for the previous paper, Not only number of resource blocks is interesting, but also DTX duration and ratio.

	ZTE
	Same comment as others that different SI request rates (and not just a single value) should be probably considered.

For the broadcast transmission of on-demand SI we should also have some assumptions on how long on-demand SI are temporarily broadcast after the initial trigger.


Rapporteur summary on the assumption and metrics used in [4]
1. MediaTek clarified the assumptions and metrics used in the analysis. 3 companies wondered why single SI-request is considered in the analysis. MediaTek explained a single SI-request comprises the request for all the SI-blocks that can be provided on demand.

2. Based on comments of some companies it needs to be further studied whether delivery of sub-set of SI-blocks on demand would result in single or multiple SI requests from the UE side.

3. 2 companies wondered for the on demand broadcast approach how long (i.e. temporary) the broadcast is considered.
Assumptions used in [5]:
1. Tperiod is the transmission periodicity of SIBs. Same value is considered for all SIBs = 0.512 s.

2. λ is the rate at which UE triggers on demand delivery of other system information {0.25,05,1,2}
3. Tchange is the period when SIB changes = 337.92 s. Shortest Tchange is derived as 3 hour / 32 = 337.5 seconds where 3 hours is SI validity period and 32 is range of valuetag.
4. γ is the fraction in terms of unicast resources compared with broadcast resources
5. R denotes the resources needed to broadcast other SI during one Tchange
Metrics used in [5]:
1. Resource to transmit other SIB with broadcast within one Tchange is R Tchange / Tperiod.
2. Resource required for on-demand delivery is R +γRλTchange.

3. Resource efficiency for on demand is given as
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	Company
	Comments on the assumptions and metrics used in [5]

	Nokia, Alcatel-Lucent Shanghai Bell
	Assumptions

· The minimum SI and other SI could havedifferent sizes, periodicities and repetitions– these are not taken into account in the calculations.
· In [5], R denotes the resources needed to transmit other SIB in one period in broadcast manner and not during one Tchange - Correction is needed to disambiguate what is meant with R in the formulas
Metrics
· We are fine with the efficiency metric in general - the basic idea seems good

· R Tchange / Tperiod is referred to as the resources to transmit minimum SI within one Tchange although R is defined as the number of resources to broadcast other SI during one period (confusing definitions for R) ( Formulas need to be revised or clarified (see also comment on assumptions)



	Sharp
	The efficiency derived by the formula above is for SI with a single fixed period. For overall efficiency of SIs with different periods should be derived by the aggregation (average) of multiple periods.

	Samsung
	1. Transmission periodicity of all SIBs is considered same can be valid assumption similar to what is assumed in [4].

2. Same question like [4] does the on-demand approach consider some minimum SI which is periodically broadcasted?

3. In our understanding the on demand approach in [5] is assumed based on unicast resources. So the resource efficiency is not only dependent on UE arrival rate but also the number of UEs Right? So question for clarification does the UE arrival rate consider the number of UEs requesting on demand SI?

The metric i.e. resource efficiency when the value is greater than 1 means the on demand approach is beneficial. Is this understanding correct?

	CATT
	Question for clarification: is the ratio of resource usage when comparing on-demand and broadcast includes the fact that for on-demand, SI of neighbouring cells are also provided (as proposed in the contribution)?

	MediaTek
	The metric of resource efficiency is a good, and we agree with Nokia that the definition of “R” needs to be clarified or corrected.

	NTT DOCOMO
	A key factor of this metric is how γ is derived precisely. So, just assuming some arbitrary numbers (0.25, 0.5, 1 and 2) does not reflect the real gain. It should be derived from the size of SIB(s). Furthermore, this metric is hard to see the whole picture of the gain compared to the available resources. For instance, even if the bits broadcast on the air are reduced to 5 bits to 1 bit, the efficiency becomes 5. However, we should also have the broader eyes to assess if such the 4 bit reduction is a substantial portion or not compared to the whole available resources.

	Qualcomm
	Basically we agree with Nokia but the formula should also take into account the case that only the subset of other SI is provided to the SI TX requested UE.

	Intel
	First to clarify that the motivation in [5] is to compare broadcast vs. on-demand delivery of other SI. Minimum SI is not taken into account in evaluation since the resource used by minimum SI is the same for broadcast and on-demand delivery (minimum SI is always broadcasted). Metric part above is corrected with track changes (there is a typo in [5]: in LTE approach, the needed resource to transmit minimum SIB, where minimum SI should be other SI, which is just corrected). Hope this clarifies Nokia and MediaTek’s questions related to usage of R and the formula. This is also related to Samsung’s 2nd question.

Response to the transmission periodicity (as raised by Nokia and Sharp), although a single periodicity is assumed in calculation, current evaluation is useful for the evaluation. Suppose other SI can be categorized according to the transmission periodicity. If there is resource efficiency gain of on-demand delivery for each periodicity, then there is resource efficiency gain when considering other SI together. Of course, the comparison might not be clear if there is gain for some periodicities but loss for other periodicities.

Response to Samsung 3rd question: yes, UE arrival rate is also related to the number of UEs. It basically means how many on-demand requests for SI delivery within a second.

Response to Samsung question on the resource efficiency metric: yes, when the value is greater than 1, on-demand delivery is beneficial.

Response to CATT: as noted in the contribution [5], when system information from neighbour cells are transmitted, there is a tradeoff: decrease of λ and increase of γ. Therefore although the scheme increases overhead in each SI transmission, it reduces the UE arrival rate on the other hand. The overall impact depends on various factors (e.g. to which extent SI overhead of other cells can be optimized, and UE mobility), and further evaluation is needed.
Response to NTT DoCoMo: at this moment, it might be difficult to derive γ precisely since many factors (e.g. beamforming) are not so clear at this stage. As discussed in [5], typically unicast requires less resources due to the knowledge of channel condition. There is more resource saving for beam forming environment due to less beam sweeping. However there is also additional resource overhead due to related DL/UL activity (but some resource might be needed anyway e.g. for initial access). This is also related to the ratio of UEs requiring certain feature specific SIB transmissions (e.g. MBMS).


Rapporteur summary on the assumption and metrics used in [5]
1. Intel clarified the assumptions and metrics used in the analysis. 5 companies requested for further clarification on the resource efficiency metric. Intel mentioned there was a typo in [5] and clarified that R is defined as the number of resources to broadcast other SI during one Tchange period. With this clarification Intel expects the resource efficiency metric can be assumed to be valid.

2.  2 companies requested clarification on the parameters λ (i.e. the rate at which UE triggers request) and γ (i.e. fraction of resources). Intel believes there is trade-off between the parameters λ and γ i.e decrease of λ would result in increase of γ. Further evaluations may be needed considering factors like beamforming, UE mobility etc.
3. 4 companies considered the resource efficiency metric considered in [5] as a good metric to evaluate the two approaches.

Assumptions used in [6]:
1. The mean arrival rate of UEs that need on-demand system information is λ UEs per second
2. The probability that at least one UE arrives during an interval of T seconds is given by
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3. PeriodicalSI transmission i.e. legacy approach determines the upper bound of radio resources for the on-demand SI delivery since SI transmission during periodic transmission opportunity is done only if there is at least one UE request.
4. Broadcast interval T = 40 ms

5. Beamforming aspects are not considered

Metrics used in [6]:
1. On demand SI occupancy.

	Company
	Comments on the assumptions and metrics used in [6]

	Nokia, Alcatel-Lucent Shanghai Bell
	Assumptions:

· Results could be generated for different values of T to show how different UE loads affect the metrics.
· We see this as a good example of a very simple calculation showing the benefits of on-demand SI delivery. However, for more precise gain quantification, detailed calculation taking into account the different sizes, periodicities and repetitions of minimum and Other SI would be required.
Metrics:

· It is not clear what “SI occupancy” means in this context. We think the “% of available resources” could be as metric instead.


	Sharp
	[6] does not cover the case for on-demand unicast, which should be also evaluated.

	Samsung 
	Request the proponent in [6] explain the difference in assumption considered in [6] and that in [4] and [5] which is also based on UE arrival rate? Also clarification on the metric would be useful compared what is used in [4] (Same like Nokia comment).

	CATT
	A very simple, but valid, comparison that can be used as a starting point.  

	MediaTek
	In addition to the ratio of time occupied by on-demand SI, the impact of SI size on signalling overhead should also be studied.

	NTT DOCOMO
	This is a simple analysis but a good start point to see the gain. As Nokia commented, the terminology, SI occupancy is confusing. I understand that this is CDF of exponential distribution in terms of the probability of broadcasting the other SIB amongst the UEs in the cell. The broadcast interval, T = 40 ms is too short for the other SIB(s). The other intervals should also be considered, e.g. 320, 640 ms, which seems the more realistic value in reality.

	Qualcomm
	We agree with Sharp. But it’s good for on-demand broadcast evaluation.

	Intel
	Agree with Nokia and Samsung that clarification on the metric is needed.

	Ericsson
	Essentially we have the same comments here as for the previous paper, Not only number of resource blocks is interesting, but also DTX duration and ratio.

	NEC
	This is really simple evaluation as the starting point and we admit this is insufficient to conclude the feasibility of On-demand SI.
Assumptions:
We agree on the necessity to show gains with other parameters, e.g. different values of T with larger values as suggested above.
Metrics:
“SI occupancy” was unclear. The background assumption was that the non-essential SI (i.e. Other SI) can be potentially transmitted with 40 ms interval, but it is transmitted only when the UEs request. In other words, even if the opportunities (subframes) for transmitting Other SI is assumed to be periodically (e.g. 40 ms) allocated, the real transmission occur after receiving the UE’s request. The value can be calculated by using how many opportunities within all the pre-allocated opportunities are used for transmitting Other SI without assuming repetitions.
Regarding the suggestion to use “% of available resources” from Nokia, the previous our intention was “% of pre-allocated resources”, where the pre-allocated resources are potential subframes for Other SI. 
We agree that frequency resources needed for Other SI in one subframe should be also taken into account for more precise evaluation. Also, unicast transmission of Other SI was not considered.


Rapporteur summary on the assumption and metrics used in [6]
1. NEC clarified the assumptions and metrics used in the analysis. 5 companies requested for further clarification on the SI occupancy metric. NEC clarified the metric is a very simple model where the transmission opportunity in time domain is considered for the on demand approach only when there is a UE request.

2. NEC agreed the analysis should consider other parameters and resources in frequency for more accurate evaluations.

3. Analysis in [6] is very simple analysis compared to the assumptions used in [2], [4] and [5] depicting the gains expected from the on demand approach.

Rapporteur summary on broad assumptions for overhead analysis
1. LTE SIBs and their periodicities and LTE PHY assumptions can be considered as baseline for the analysis.

2. Consider both the on demand unicast and on demand broadcast approach for evaluations.

3. For evaluations beam forming operation can be assumed for SI distribution at least in high frequency bands.

4. SI request from the UE should be able for a subset of SI-blocks which can be provided on demand. Both single SI-request and multiple UE request can be considered in analysis.
5. Detailed assumptions on number of users, UE arrival rate, mobility, MCS, HARQ re-transmission for unicast etc. is up to proponents. However recommended to follow the discussions under ISSUE 1.
Issue 2: Benefits and disadvantages of on demand SI delivery
Based on the verification of assumptions in previous section it can be discussed what metric(s) are meaningful to quantify the benefits and disadvantages. It is also encouraged to discuss the scenarios/pre-conditions where the on demand SI delivery will bring gains. 
Question 1: What metric(s)is meaningful to quantify the benefits and disadvantages?
	Company
	Company views on what metrics is meaningful to capture

	Nokia, Alcatel-Lucent Shanghai Bell
	Two metrics can be used depending on whether the PHY layer assumptions for NR are defined: 

1. Signaling overhead as a percentage of the available resources (assuming we know the maximum available PHY resources) as in [3] 


2. An efficiency ratio between the resources required by each SI delivery approach as in [5] (if we don’t yet know the maximum available PHY resources).

On-demand SI approaches have additional uplink overhead that could be taken into account in the calculations as well.

	Sharp
	Comparison of signaling cost per unit area for on-demand and all-broadcast schemes as a function of # users and cell/validity area sizes.

	Samsung
	In our opinion at high level we should compare the resources required for all broadcast approach and the on demand approach. Actual metric can be something like proposed in [2], [4], [5].

	CATT
	Given the expected “other SI” size and total L1 resources are still unknown, an absolute resource overhead is very difficult to predict. Therefore an efficiency ratio might be more relevant, to start with. The UL aspects should also be taken into account.

The different “arrival rates” in the different simulations should be linked to practical deployment parameters (number of UEs in cell, mobility, etc) as e.g. in [2].

	MediaTek
	Comparing the signalling cost in the unit of required PHY resources for periodic broadcast and on-demand approach.

	NTT DOCOMO
	We agree with Nokia that both the absolute value basis evaluation like [2], [4], [5] and the relative value basis evaluation like [3] should be evaluated. If the evaluation is done by the absolute value basis, it results in emphasising the gain artificially to make a reason of introducing the on-demand SI approach!

	Qualcomm
	Agree with Samsung and MediaTek.

	Huawei, HiSilicon
	Comparison of signaling cost per unit area, in terms of radio resources, required for periodic broadcast and on-demand approaches.

	Intel
	Agree with Samsung.

	Ericsson
	In our view, interesting metrics are:

· DTX duration
· DTX ratio
· Overall resource usage

	NEC
	We agree with the metric suggested by Nokia and also the uplink overhead for SI request.

	ZTE
	Agree with Samsung and MediaTek.


Rapporteur summary on the metrics for overhead analysis
1. Following metrics/evaluations are useful for overhead analysis:

a. Relative gains for comparing the two approaches considering the system bandwidth: Consider signaling overhead as a percentage of the available resources as in [3]

b. Absolute gains where system bandwidth is not considered: Efficiency ratio between the resources required by each SI delivery approach as in [2], [4], [5], [6]
c. Actual metrics can be bps/cell, bps/sq.km, RB/s/cell or overhead ratios where the metrics in numerator and denominator are same 

Question 2: What scenarios/pre-conditions the on demand SI delivery mechanism would be beneficial? What other factors would influence the on demand SI delivery mechanism to be either beneficial or disadvantageous?
Companies can provide their views on scenarios/pre-conditions and other factors which would either be beneficial or disadvantageous if the on demand SI delivery mechanism is used by the network.  

	Company
	Company views on scenarios/pre-condition and/or other factors

	Nokia, Alcatel-Lucent Shanghai Bell
	The on-demand SI delivery would be beneficial in decreasing the downlink signaling load (for NR operating at high carrier frequency) and decreasing network power consumption (by not requiring network to broadcast all SI even when there is no need).

The on demand SI delivery mechanism may be disadvantageous with respect to increase in RACH access (i.e. uplink load increase due to SI requests), UE power consumption (due to UL transmissions required to obtain SI) and complexity in updating the SI (all UEs that have obtained SI via on-demand need updates when SI changes).

	Sharp
	On-demand delivery should assume validity area with multiple cells, as seen in [2] and [5].

	Samsung
	1. On demand SI delivery is definitely useful from network energy efficiency point of view.

2. On demand SI delivery would be definitely useful to reduce signaling cost in beam forming systems where beam sweeping is applied to deliver SI. 

3. In systems where beam sweeping is not used for SI delivery on demand SI delivery would be beneficial in small cells deployments where the user density is low.
4. On demand approach is also useful to ensure forward compatibility in NR
Regarding the concerns on increased uplink activity and SI updates we agree these are valid concerns which should be addressed when the solution is designed. In [2] we had shown some encouraging preliminary analysis for UE power consumption aspect. In upcoming meeting we will submit contribution with further analysis on UE power consumption aspect.

	CATT
	We share the same views as Nokia and Samsung, see also our answer to assumptions/metrics used in [3].

	MediaTek
	On-demand SI delivery is beneficial in reducing periodic downlink broadcast signalling, causing better network power consumption, reduced overhead for beamformed HF scenario, and less interference for small cell scenario.

On-demand SI delivery is disadvantageous in increasing UL system load, UE power consumption, and additional signalling overhead to perform on-demand request procedure. 

From [4] we have further shown that whether on-demand SI delivery is beneficial or not depends heavily on the design of detailed protocol design of on-demand SI delivery. For example, on-demand unicast is beneficial only for the scenarios of low SI request rate. In contrast, on-demand broadcast can bring much more overhead gain compared to on-demand unicast and periodic broadcast in low or medium SI request rate.

	NTT DOCOMO
	The benefit of on-demand SI provisioning can be claimed by reducing the broadcast overhead. It is questionable if the energy saving gain can be claimed by the on-demand SI. Unless the RF unit can be turned off completely, merely reducing the number of broadcast bits does not help to reduce the energy consumption.
On the gain related to beam forming, as long as there is a formal agreement on its operation, it is difficult to conclude that there is a gain. We should wait for the RAN1 input.

On future compatibility, it is a bit puzzling to grasp why it can ensure the future compatibility. Further clarification would be helpful to develop our mutual understanding.

	Qualcomm
	We share Nokia’s view. For HF deployment, broadcasting would be not efficient way to deliver data to UEs so it makes sense to unicast the SI over finer-beam(s). 

	Huawei, HiSilicon
	On-demand delivery of SI would be beneficial when certain SIs are more targeted at specific services.
On-demand delivery of SI may be more efficient when beam forming is required in high frequency band. But we agree with DoCoMo that this aspect would need more concrete progress in RAN1.

The downside of UE triggered on-demand delivery is the required UL transmission.

	Intel
	On-demand SI delivery is beneficial from resource usage and network power consumption perspective when the system load is not very high. Compared with low frequency deployment, there might be more gain when beam sweeping is used for broadcast SI delivery in high frequency bands.

Regarding power consumption aspect, we’d like to emphasize that minimize UE power consumption during cell reselection is important, as discussed in [5].

	Ericsson
	Scenarios to study include the cases where on demand SI delivery is done with or without RRC connection. Other factors to consider are high gain beamforming for the on demand delivery of SI. Also possibilities for complementing broadcasted SI with dedicated SI, so that broadcasted SI does not need to reach cell edge. Also possibilities to replace broadcasted SI for individual UEs with dedicated SI could be beneficial.

	NEC
	It should be discussed what is the criteria/bar to consider the uplink impact due to On demand SI delivery (signaling e.g. RACH, power consumption) is acceptable.

	ZTE
	Agree with others that On-demand SI delivery is beneficial from resource usage, network power consumption and also interference point of view, especially when the system load is not very high. We also agree that the impact on UL resources and UE power consumption should be considered as well. 

In general one key aspect is whether a UE in idle can perform a request for on-demand SI delivery while remaining in idle or not.


Rapporteur summary in what scenarios the on demand SI delivery mechanism would be beneficial or disadvantageous
1. In terms of resource consumption or signaling overhead the analysis in all the contributions [2], [3], [4], [5] and [6] shows a trend where there is gain with the on demand approach for delivering SI. The gain depends on various factors like whether the on-demand approach is unicast or broadcast, whether beam forming operations are considered (especially higher frequency bands), how much information is delivered in on-demand manner, number of users requesting on demand SI etc.

2. In terms of network energy efficiency there has been no input on the quantification of the gains. However, some metrics are proposed to quantify the analysis such as DTX duration and DTX ratio. RAN2 can discuss on these proposed metrics to quantify the network energy efficiency aspects.
3. In terms of UE power consumption also there is not much input on the quantification of the gains. Even though metrics are not proposed some assumptions such as power consumption for both requesting the SI and power consumption for acquiring the SI including SI updates can be considered.
4. Some companies expressed concern on the increased UL activity due to SI requests. This concern was also discussed during the previous email discussion [1]. If quantification of increased UL activity has to be considered then some discussion will be required during RAN2#95Bis to assume baseline mechanism used by the UE to request the SI. Such approaches were proposed during the email discussion [1] but majority of company opined it was premature to discuss those approaches.

Issue 3: Capturing performance evaluations in RAN2 TR
Based on the above discussion for ISSUE 1 and ISSUE 2 companies can provide views which evaluations from [2], [3], [4], [5], [6] can be captured in RAN2 TR
Question 3: Which evaluations from [2], [3], [4], [5], [6] can be captured in RAN2 TR?
	Company
	Views on which evaluations from [2], [3], [4], [5], [6] are worth capturing in RAN2 TR

	Nokia, Alcatel-Lucent Shanghai Bell
	RAN2 should attempt to harmonize the analysis from several companies before capturing the evaluations in the TR. This should be finalized in next RAN2 meetings.

	Sharp
	We support [2] in principle.

	Samsung 
	We would like to clarify that the intention of email discussion is not to harmonize the assumptions but to just verify whether the assumptions are valid. We do not intend to perform re-evaluation after harmonizing the assumptions. We believe the trend shown in [2] would remain valid even after harmonizing the assumptions.
However if this exercise results in some harmonized assumptions then we encourage other companies to submit quantitative analysis to upcoming RAN2 meeting.

We propose to capture the following analysis:

1. Figure 1, Figure 2, Figure 3 and Figure 4 from [2].

2. Figure 2 and Figure 3 from [4].
3. Figure 3 from [5] can be captured provided the questions on assumption and metric is clarified.

	MediaTek
	We should capture all evaluation results for all possible mechanisms, e.g. periodic broadcast, on-demand unicast, and on-demand broadcast. Therefore, we support Samsung’s proposal.

	NTT DOCOMO
	As commented to Issue 2, both the absolute and the relative value basis evaluation should be captured to see the whole picture.

	Qualcomm
	We agree with Samsung and MediaTek.

	Huawei, HiSilicon
	We should capture results in TR, when they are consistent and can collaborate each other.

	Intel
	We agree with Samsung. As for the results from [4], we’d also like to get clarification on questions raised.

	Ericsson
	We agree with the comments from Nokia above.

	ZTE
	We support the Samsung’s proposal.


Rapporteur summary on capturing performance evaluation for overhead analysis

1. 3 companies expressed RAN2 should attempt to harmonize the analysis from several companies before capturing the evaluations in the TR.
2. 5 companies support to capture the evaluations from [2], [4] and [5].

3. 1 company support to capture the evaluation from [2].

4. 1 company proposed to capture the whole picture for the overhead analysis i.e. both relative gains and absolute gains.
5. Based on majority view evaluations from [2], [4] and [5] can be captured in RAN2 TR.

Issue 4: Recommendations on the “On demand SI delivery” mechanism
Based on the above discussion what recommendation/conclusions can be drawn for the on demand SI delivery mechanism.

Question 4: What recommendations/conclusions can be drawn for the on demand SI delivery mechanism?

	Company
	Recommendations/conclusions to be drawn for the on demand SI delivery mechanism?

	Nokia, Alcatel-Lucent Shanghai Bell
	While we think that RAN2 should first do a more comprehensive, harmonized analysis on the benefits (as stated in our response to Issue 3), we see the following general observations as possible recommendations to be captured:
· The on-demand SI delivery is required for NR, especially for high frequency operation.
· The SI delivery procedure should be flexible enough to allow periodic broadcast of all SI and on-demand delivery of Other SI that are not periodically broadcasted.
· It is up to the network how to transmit the Other SI (i.e. whether it is by unicast or broadcast).



	Sharp
	On-demand unicast as a baseline of the Other SI delivery. Although there are certain conditions where broadcast is more cost effective. It is network decision to choose which method to use.

On-demand delivery will expect further performance gain when applying validity areas with many cells.

	Samsung
	On demand SI delivery should be supported in NR. It is network decision to enable on demand SI delivery mechanism.

	CATT
	On demand SI delivery mechanism should aim at minimizing both DL and UL resources while allowing UE to request only a subset of Other SI

	MediaTek
	On-demand SI delivery (broadcast and unicast) should be supported by NR.

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. 

	NTT DOCOMO
	We need more study to conclude our recommendations throughout the SI phase. Anyway, we’re in the middle of study. We don’t have to make a decision at this point of time. 

	Qualcomm
	We share Nokia’s view. On top of that, on-demand broadcast and on-demand unicast options should be supported by NR. The on-demand SI provisioning should support the provisioning a subset of other SI too. Again what option is used would be up to the network.

	Intel
	Agree with Samsung.

	Ericsson
	We are positive towards on demand delivery of SI. We think the gains can be even larger than shown in the analysis so far, for instance in terms of improved energy efficiency. We agree it should be network decision whether other SI is broadcasted or sent on demand.

	NEC
	It is up to the network to decide whether Other SI is delivered by a) On demand Unicast, b) On demand broadcast, or c) periodic broadcast, where c) may be a special case of b).

	ZTE
	Agree with Mediatek. On demand SI delivery should be supported in NR, both via unicast and broadcast. It should be a network decision to enable the on demand SI delivery mechanism, possibly on a per SIB basis.


Rapporteur summary on recommendations/conclusions
1. All companies participating in the email discussion are interested in further studying the On demand SI delivery mechanism during the study item phase
2. Apart from resource efficiency/overhead analysis, companies are encouraged to submit contributions in upcoming RAN2 meetings including quantitative analysis on network energy efficiency and UE power consumption based on considerations discussed in this email discussion.

3. Based on majority view evaluations from [2], [4] and [5] can be captured in RAN2 TR.

4. Other aspects of the overall solution for on demand delivery should focus on:

a. Whether beam forming operation will be applied for broadcasting SI? => helpful for quantizing gains and making decision on considering on demand as a candidate

b. What approach UE applies to request Other SI? => To address concerns on increased UL activity and UE power consumption aspects. Helpful for making decision on considering on demand as a candidate
Issue 5: Other considerations/aspects

	Company
	Any other aspect that companies want to discuss within the scope of email discussion

	Sharp
	Assumptions on the signaling cost not directly associated with the actual SI data transmission, such as connection establishment, need to be clarified in the evaluation.

	Qualcomm
	How to unicast the on-demand SI should be clarified. Table 3 above assumes that the SI request message doesn’t include a UE-ID so it won’t be a nominal RRC connection based unicasting. Then the signaling overhead imposed by the connection establishment for unicast can be taken into account.

	
	

	
	

	
	

	
	


Summary of email discussion
Rapporteur summary on broad assumptions for overhead analysis
1. LTE SIBs and their periodicities and LTE PHY assumptions can be considered as baseline for the analysis.

2. Consider both the on demand unicast and on demand broadcast approach for evaluations.

3. For evaluations beam forming operation can be assumed for SI distribution at least in high frequency bands.

4. SI request from the UE should be able for a subset of SI-blocks which can be provided on demand. Both single SI-request and multiple UE request can be considered in analysis.

5. Detailed assumptions on number of users, UE arrival rate, mobility, MCS, HARQ re-transmission for unicast etc. is up to proponents. However recommended to follow the discussions under ISSUE 1.
Rapporteur summary on the metrics for overhead analysis

1. Following metrics/evaluations are useful for overhead analysis:

a. Relative gains for comparing the two approaches considering the system bandwidth: Consider signaling overhead as a percentage of the available resources as in [3]

b. Absolute gains where system bandwidth is not considered: Efficiency ratio between the resources required by each SI delivery approach as in [2], [4], [5], [6]

c. Actual metrics can be bps/cell, bps/sq.km, RB/s/cell or overhead ratios where the metrics in numerator and denominator are same 

Rapporteur summary in what scenarios the on demand SI delivery mechanism would be beneficial or disadvantageous

1. In terms of resource consumption or signaling overhead the analysis in all the contributions [2], [3], [4], [5] and [6] shows a trend where there is gain with the on demand approach for delivering SI. The gain depends on various factors like whether the on-demand approach is unicast or broadcast, whether beam forming operations are considered (especially higher frequency bands), how much information is delivered in on-demand manner, number of users requesting on demand SI etc.

2. In terms of network energy efficiency there has been no input on the quantification of the gains. However, some metrics are proposed to quantify the analysis such as DTX duration and DTX ratio. RAN2 can discuss on these proposed metrics to quantify the network energy efficiency aspects.

3. In terms of UE power consumption also there is not much input on the quantification of the gains. Even though metrics are not proposed some assumptions such as power consumption for both requesting the SI and power consumption for acquiring the SI including SI updates can be considered.

4. Some companies expressed concern on the increased UL activity due to SI requests. This concern was also discussed during the previous email discussion [1]. If quantification of increased UL activity has to be considered then some discussion will be required during RAN2#95Bis to assume baseline mechanism used by the UE to request the SI. Such approaches were proposed during the email discussion [1] but majority of company opined it was premature to discuss those approaches.

Rapporteur summary on capturing performance evaluation for overhead analysis

1. 3 companies expressed RAN2 should attempt to harmonize the analysis from several companies before capturing the evaluations in the TR.

2. 5 companies support to capture the evaluations from [2], [4] and [5].

3. 1 company support to capture the evaluation from [2].

4. 1 company proposed to capture the whole picture for the overhead analysis i.e. both relative gains and absolute gains.
5. Based on majority view evaluations from [2], [4] and [5] can be captured in RAN2 TR.

Rapporteur summary on recommendations/conclusions (Draft Proposals for agreements)
1. All companies participating in the email discussion are interested in further studying the On demand SI delivery mechanism during the study item phase

2. Apart from resource efficiency/overhead analysis, companies are encouraged to submit contributions in upcoming RAN2 meetings including quantitative analysis on network energy efficiency and UE power consumption based on considerations discussed in this email discussion.

3. Based on majority view evaluations from [2], [4] and [5] can be captured in RAN2 TR.

4. Other aspects of the overall solution for on demand delivery should focus on:

a. Whether beam forming operation will be applied for broadcasting SI? => helpful for quantizing gains and making decision on considering on demand as a candidate

b. What approach UE applies to request Other SI? => To address concerns on increased UL activity and UE power consumption aspects. Helpful for making decision on considering on demand as a candidate
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