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1 Introduction
In RAN 2 #98, a CR was approved by email to optimize the size of SIB21 [1][2], so that SIB21 was able to be frozen on time in Rel-14 specification. However, it was also discovered during the email discussion [2] that, in order to have an acceptable size no larger than 2216 bits, SIB21, even after the optimization, is still able to support only one V2X carrier with very few pools per carrier [2], making Rel-14 SIB21 only applicable to very limited scenarios. This highly restricts the functionality and applicability of SIB21, and may thus further affect the whole LTE-V feature of Release 14 to a large extent. 

Considering the above, it is necessary to consider further enhancement of SIB21. In this contribution, we first justify the necessity to further optimize SIB21 by combining with some typical scenarios for V2X, and then provide candidate solutions accordingly.   
2 
Need for Further SIB21 Optimization
During RAN2 #98 meeting and the email discussion of the CR [2], there were consistently concerns among companies on what the typical scenarios for V2X actually are, and whether Rel-14 SIB21 can really support those typical scenarios after the optimization.  
The typical scenario to be supported for V2X communication largely relies on the ITS spectrum allocation. Companies also treated the number of V2X carriers actually supported by SIB21 as the most important factor to judge whether the typical scenarios are supported or not. A typical scenario for V2X may be provided by referring to the ITS in Europe. It is well known that in Europe, the 5.875 GHz to 5.905 GHz is allocated for ITS road safety services and the bandwidth is divided into three 10 MHz carriers (i.e. 3*10 MHz), where 10 MHz is the basic and typical granularity for each ITS carrier.  This can be a realistic typical scenario for V2X. 
Observation 1: As one typical scenario, there can be 3*10 MHz V2X carriers available for V2X communications, as in Europe.
Now we assess whether the existing Rel-14 SIB21 can support this typical scenario in Europe. Via some analyses and calculations, we discover that the size of current SIB21 will already exceed the 2216-bit limit, even if it is used to support the inter-carrier configurations for only 2 ITS carriers with each carrier having only one V2X Tx pool. This means that current SIB21 of Rel-14 cannot support even 2 ITS carriers, not to mention the typical scenario of 3*10 MHz. The parameter settings and details for the above SIB21 size calculations can be found in the Appendix. 

Observation 2: The message size of current SIB21 exceeds 2216 bits, if two ITS carriers are supported by inter-carrier configuration in SIB21. This means, current SIB21 can support at most one ITS carrier, and thus hardly support the typical scenario for V2X as in Europe. 
To this end, the key problem now is that the number of Carriers able to be supported by the current SIB21 is too few to support the typical scenario of V2X. Now that multiple ITS carriers have already been allocated, all of these carriers ought to be fully utilized as V2X carriers from the perspective of resource utilization. On the other hand, as network configuration is the most outstanding merit provided by LTE-based V2X over other V2X techniques, SIB21 should have well supported this typical scenario. These observations justify the necessity to further enhance SIB21, and the key point is to make it further support multiple V2X carriers. 

Proposal 1: The existing Rel-14 SIB21 cannot support the typical scenario of V2X, so it is necessary to further enhance SIB21, especially to support configurations of multiple V2X carriers. 
3 Candidate Solutions 

Based on above proposal 1, we propose some candidate solutions to further optimize SIB21 as follows. The main motivation for all these solutions is to enable the configuration of more V2X carriers by SIB21, and simultaneously keep the message size below the allowed upper bound, 2216 bits.
· Option 0: Introduce a new SIB (e.g. SIB23) and move some bit-consuming fields/IEs (e.g. CBR related configurations) of SIB21 into this new SIB. 
This is a quite straightforward way, since the total available room for containing V2X configurations in SIB are doubled, thus enabling the configurations on more V2X carriers to be supported. However, it can be easily envisioned that defining a new SIB is bound to result in tremendous standard changes, no matter for ASN.1 or procedural texts. Thus, this option is not recommended. 
· Option 1: Introduce a carrier indication for each carrier included in SIB21. If the indication appears for a carrier, the resource configurations of this carrier can duplicate those of another carrier referred to by this indication. 
The main motivation of this option is that, there seems to be no strong reason that the per-carrier configuration must be different from one carrier to another, especially for those dedicated ITS carriers. Hence, it is likely to include a full set of resource configurations (e.g. v2x-UE-ConfigList including pool configurations, resource selection related configurations, etc.) on just one V2X carrier, and indicate other carriers to follow this set of configurations by introducing an indication for each carrier. 
Considering that such a carrier indication just needs several bits, which can thus lead to very few extra bits added to the existing SIB21, this option is definitely feasible to enable the support of configurations for multiple V2X carriers. 
· Option 2: Change some carrier-specific configurations (e.g. v2x-ResourceSelectionConfig) to common configurations applied to all V2X carriers
The specific IE in v2x-ResourceSelectionConfig is quite big (around 500 bits) and can account for about 80% of the total bits for each per-carrier configuration (see Table A.2-1 in the appendix). The v2x-ResourceSelectionConfig provides some configuration parameters needed for resource selection of Mode 4. For example, the thresPSSCH-RSRP-List provides those energy thresholds used to exclude usable resources based on sensing results; the pssch-TxConfigList gives speed-dependent parameter ranges for the UE to follow when selecting resources. 
Regarding these parameters, there seems no obvious problem for them to be identical across the carriers configured in SIB21. Thus, a feasible way may be to change this field to a common configuration, so that it does not need to be configured on each carrier. In this way, the total size of SIB21 can be reduced greatly when it is used to support multiple V2X carriers. 
As for above proposed options (except for Option 0), we further analyse in detail how many ITS carriers can be supported in SIB21 by each option respectively. Specifically, the SIB21 size of each option is calculated with some particular carrier number settings, so that the specific number of carriers that can be supported by each option is deduced. The detailed computations and corresponding parameter settings are in the Appendix, and the results are summarized in Table A.3. 

It can be observed from Table A.3 that:

· Option 1 gives an acceptable SIB21 size of 2130 bits (lower than 2216 bits), when 3 ITS carriers are supported by SIB21 in an inter-carrier configuration manner, with zone-based operation, P2X and exceptional pool all enabled per carrier. Thus, Option 1 is a promising way to support the typical ITS scenario as in Europe.

· Option 2 may be able to support 3 ITS carriers with an acceptable SIB21 size of 2177 bits, but  the configuration on each carrier seems too simple, i.e. only one V2X pool without P2X pool/Exceptional pool. Instead, Option 2 can also support 2 ITS carriers with an SIB21 size of 2213 bits, with exceptional pool further enabled on each carrier (but still only one V2X Tx pool but no P2X pool)

Observation 3: With an acceptable SIB21 size, Option 1 can support 3 ITS carriers configured in SIB21, with zone-based operations, P2X Tx pool and exceptional pool all supported on each carrier. Hence, it is likely to well support the typical scenario for V2X.  
Observation 4: Option 2 may be able to support 3 ITS carriers configured in SIB21, but only a single Tx pool (i.e. for V2X transmission) can be configured on each carrier.  It can support 2 ITS carriers configured in SIB21, with one more exceptional pool configured on each carrier.
From the above observations and comparisons, it can be seen that Option 1 is able to enable the configurations of 3 ITS carriers in SIB21 in the inter-carrier configuration way with an acceptable SIB21 size, and thus well supports the typical scenario for V2X. Also, as seen from the complementary CRs we provide for Option 1 and Option 2 in [3] and [4] respectively, it seems that Option 1 results in a much milder standard change, compared with other options. As a result, we prefer option 1 and have the following proposals. 
Proposal 2: RAN2 is requested to discuss the above solutions and suggested to adopt Option 1 with the complementary CR for further SIB21 enhancements. 
4 Conclusion

In this contribution, we first justify the necessity to further optimize SIB21, and have the following observations and proposals:

Observation 1: As one typical scenario, there can be 3*10 MHz V2X carriers available for V2X communications, as in Europe.
Observation 2: The message size of current SIB21 exceeds 2216 bits, if two ITS carriers are supported by inter-carrier configuration in SIB21. This means, current SIB21 can support at most one ITS carrier, and thus hardly support the typical scenario for V2X as in Europe.
Proposal 1: The existing Rel-14 SIB21 cannot support the typical scenario of V2X, so it is necessary to further enhance SIB21, especially to support configurations of multiple V2X carriers.
Then, we propose several options as candidate solutions. Observations and proposals regarding these options are listed below. Complementary CRs are also given in [3] and [4] respectively for RAN2’s consideration.
Observation 3: With an acceptable SIB21 size, Option 1 can support 3 ITS carriers configured in SIB21, with zone-based operations, P2X Tx pool and exceptional pool all supported on each carrier. Hence, it is likely to well support the typical scenario for V2X.  
Observation 4: Option 2 may be able to support 3 ITS carriers configured in SIB21, but only a single Tx pool (i.e. for V2X transmission) can be configured on each carrier.  It can support 2 ITS carriers configured in SIB21, with one more exceptional pool configured on each carrier.
Proposal 2: RAN2 is requested to discuss the above solutions and suggested to adopt Option 1 with the complementary CR for further SIB21 enhancements. 
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6 Appendix: Parameter Setting for SIB21 Size Computations for Different Options 

This section gives the detailed parameter setting and corresponding assumptions, based on which SIB21 sizes are calculated for current SIB21 and the options provided in Section 3. 

Since the 3*10 MHz ITS carriers as in Europe are taken as the typical scenario in above discussions, the target of the parameter settings and corresponding SIB21 size computation in this section is to see how many ITS carriers can be supported by each options. To this end, the V2X carriers in the following parameter settings and calculations are all assumed as ITS carriers (e.g. 5.9 GHz) and are supported in an inter-carrier configuration manner by SIB21. 
6.1 Parameter Settings and Assumptions

There are some common configurations which apply to all the carriers in SIB21. The basic parameter settings, assumptions and corresponding field/IE sizes are given in Table A.1 below. 
Table A.1: Parameter Setting of Common Configurations in SIB21 (NOTE 1)
	Field/IE (M/O)
	Size
	Parameter Setting and Assumptions

	cbr-CommonTxConfigList-r14 (O)

	8*46+4*(4*7)+1= 481
	Needed.
· Assume 8 sets of configurations in sl-CBR-PSSCH-TxConfigList-r14 (i.e. 4* SL-CBR-PSSCH-TxConfig). 

· Assume 4 sets of CBR ranges in cbr-RangeCommonConfigList-r14 (i.e. 4* SL-CBR-Levels-Config).

· Assume 4 CBR level values for each set (i.e. 4*SL-CBR) ;

	thresSL-TxPrioritization-r14 (O)
	3+1=4
	Needed.

For UL/SL Tx prioritization.

	anchorCarrierFreqList-r14 (O)

	1*(18) +1
	Needed.
Assume one anchor carrier.

	NOTE 1: As we focus on the inter-carrier configuration of ITS carriers, the other fields in the SIB21 (other than the above listed ones), which are for the resource configurations on the serving carriers, are set to absent. As a result, 12 bits should be further added, due to the “Optional” of these fields for the serving carrier.  


Besides the above common configurations, the other configurations in SIB21 are per-carrier configurations which are given in the below Table A.2-1. Among those configurations on each carrier are the parameter settings for each type of resource pool (i.e. Rx pool, V2X Tx pool, P2X Tx Pool and Exceptional Pool), and are further elaborated in Table A.2-2. As we focus on ITS carriers, the per-carrier configurations considered here are those included in SL-InterFreqInfoV2X for inter-carrier configurations (without those on the serving carrier). 
Table A.2-1: Per-carrier Configurations 

(SL-InterFreqInfoV2X)
	Field/IE (M/O)
	Size
	Parameter Setting and Assumptions

	plmn-IdentityList-r14 (O)
	1
	Absent. 

	v2x-CommCarrierFreq-r14 (M)
	18
	Needed.

	sl-MaxTxPower-r14 (O)
	6+1
	Needed.

	sl-Bandwidth-r14 (O)
	3+1
	Needed.

	v2x-SchedulingPool-r14 (O)
	1
	Absent. 

	v2x-UE-ConfigList-r14 (O)
(NOTE1, 2)
	physCellIdList-r14 (O)
	1
	Absent. 

Assume per-carrier inter-frequency configuration, no cell deployed on 5.9 GHz. 

	
	typeTxSync-r14 (O)
	2+1
	Needed.

	
	zoneConfig-r14 (O)
	10+1 or

1
	Absent, in case of one V2X pool per carrier without zone operation (1 bit); Otherwise, it is needed (10+1 bits). 

(NOTE 3)

	
	offsetDFN-r14 (O)
	1
	Absent. Assume all UEs with GNSS. 

	
	v2x-SyncConfig-r14 (O)
	1*65+1
	Needed.

Assume 1 set of sync related configuration, with all UEs using GNSS. 

	
	v2x-ResourceSelectionConfig-r14 (O)

(NOTE 5)
	1*52+448+5*4+1+3+1+1+1 = 527
	Needed.

Assume 1 set of configuration included in pssch-TxConfigList-r14.
Assume 5 values included in restrictResourceReservationPeriod-r14

	
	v2x-CommRxPool-r14 (O)
	1*63+1
(NOTE 4)
	Needed.

Assume One Rx pool on each carrier. For detailed per-pool size calculation, please refer to Table A.2-2 below.

	
	v2x-CommTxPoolNormal-r14 (O)
	MV*(207 or 210)+1
(NOTE 4)
	Needed. 

Here, MV denotes the number of V2X pools per carrier. 

The per-pool size is 207, if only one pool supported per carrier without zone-based operation; otherwise, per-pool size is 210 (due to zoneID-r14). 

For detailed per-pool size calculation, please refer to Table A.2-2 below.  

	
	v2x-CommTxPoolExceptional-r14 (O)
	ME * 207+1
(NOTE 4)
	Absent, if Exceptional pool is not configured; Otherwise, needed. 

Here, ME denotes the number of Exceptional pools per carrier (i.e. ME = 0 when this filed is absent). 
For detailed per-pool size calculation, please refer to Table A.2-2 below.

	
	p2x-CommTxPoolNormal-r14 (O)
	MP * 209 +1
(NOTE 4)
	Absent, if P2X pool is not configured; otherwise, needed. 

Here, MP denotes the number of P2X pools per carrier (i.e. MP = 0 when this filed is absent).

For detailed per-pool size calculation, please refer to Table A.2-2 below.

	NOTE 1: One extra bit is added for the “Optional” of this field, when computing SIB21 size under different Options. 
NOTE 2: Assume per-carrier inter-carrier configuration on 5.9 GHz (no cell deployed), so one set of parameters is included in this field (i.e. 1*SL-V2X-InterFreqUE-Config-r14).

NOTE 3: Whether this pool is absent (1 bit) or needed (10+1 bits) will be decided when SIB21 size is evaluated for different options below (based on V2X pool number). 
NOTE 4: These specific values of MV, ME and MP will be given, when SIB21 size is evaluated under different options below.  

NOTE 5: In Option 2, this field will be changed to a common configuration and will be no longer included in the per carrier configuration. 


Table A.2-2: Parameter Setting of Per-Pool Configurations

(SL-CommResourcePoolV2X)

	Field/IE (M/O)
	Size
	Parameter Setting and Assumptions

	sl-OffsetIndicator-r14 (O)

	15 +1
	Needed. Assume large-r12.

	sl-Subframe-r14 (M)
	10+3
	Needed. Assume bs10.

	adjacencyPSCCH-PSSCH-r14 (M)
	1
	Needed.

	sizeSubchannel-r14 (M)
	5
	Needed.

	numSubchannel-r14 (M)
	3
	Needed.

	startRB-Subchannel-r14 (M)
	7
	Needed.

	startRB-PSCCH-Pool-r14 (O)
	1
	Absent. Assume adjacent case.

	rxParametersNCell-r14 (O)
	1 (Tx pool);

1+4+1 (Rx pool) 
	Needed only for Rx pool.

Not needed (absent) for Tx pool. 

Further assume tdd-Config absent in Rx pool. 

	dataTxParameters-r14 (O)
	3+8+1 (Tx pool)

1 (Rx pool)
	Needed only for Tx pool.

Not needed (absent) for Rx pool. 

	zoneID-r14 (O)
	3+1 or 1 (Tx pool)

1 (Rx pool)
	Needed, in case of zone-based operation is enabled for (only) V2X Tx pools (3+1 bits); otherwise, absent (1 bit). 

Not needed (absent) for Rx pool.

	threshS-RSSI-CBR-r14 (O)
	6+1 (Tx pool)

1 (Rx pool)
	Needed only for Tx pool; 

Not needed (absent) for Rx Pool

	poolReportId-r14 (O)
	1
	Absent. 

Assume no CBR reporting configured. 

	cbr-pssch-TxConfigList-r14 (O)
	4*(3+4+2+4*6)+1 (Tx pool)

1 (Rx Pool)
	Needed only in Tx Pool:

· Assume totally 4 PPPP ranges (i.e. 4* SL-PPPP-TxConfigIndex-r14) 

· Assume 4 sets of configurations in tx-ConfigIndexList-r14 (i.e. 4* Tx-ConfigIndex-r14)

	resourceSelectionConfigP2X-r14 (O)
	2+1 (P2X Tx pool)

1 (Rx/V2X Tx /Exceptional Pool)
	Needed only in P2X Tx pool

Not needed (absent) in Rx pool, V2X Tx pool and Exceptional Pool

	syncAllowed-r14 (O)
	3+1
	Needed.

	restrictResourceReservationPeriod-r14 (O)
	1
	Absent.

This is absent, in which case the UE uses that configured in v2x-ResourceSelectionConfig-r14

	Subtotal of the Size of each Pool:
· Each Rx Pool: 63 bits
· Each V2X Tx Pool: 207 bits or 210 bits (Zone-based operation disabled or enabled);

· Each P2X Tx Pool: 209 bits
· Each Exceptional Pool: 207 bits


6.2 SIB21 Size Calculation for Current SIB21 and Different Options

Based on the above parameter settings, below we try to calculate SIB21 size with respect to Carrier Numbers and Pool Numbers per carrier for different options, so as to decide how many ITS Carriers and Pools per carrier can be supported by corresponding options. 

As per the discussions above, in the following evaluation we assume all carriers configured are ITS carriers (e.g. over 5.9GHz) and are supported via inter-carrier configurations by SIB21. 

· Current SIB21: Assume N=2 Carriers, and MV =1 V2X Tx Pool, MP = 0 P2X Tx Pool, ME = 0 Exceptional Pool and one Rx pool on each carrier. 
The common configurations of SIB21 in Table A.1 have a total size of 504 bits (this value will be used in the calculation of Option 1), by summing up the sizes of all parameters in that table. Then, by substituting the specific pool numbers, MV =1, MP = 0, ME = 0, to Table A.2-1 and summing up all parameter sizes therein, the per-carrier configurations have a total size of 905 bits (without zone-based operation due to only MV =1 V2X Tx Pool per carrier). 
Further considering N=2 carriers and recalling that 12 extra bits should be added (for the serving carrier) as in the NOTE 1 of Table A.1, the total SIB21 size is calculated as 2*905+504+12 = 2326 bits. 
This size is already larger than the upper bound of SIB size, 2216 bits. So, the current SIB21 cannot support even 2 carriers (even with only one V2X Tx pool per carrier), not mentioning the typical case of 3*10 MHz carriers  
· Option 1: Assume N=3 Carriers, and MV =2 V2X Tx Pools, MP = 1 P2X Tx Pool, ME = 1 Exceptional Pool and one Rx pool on each carrier.
Since in Option 1, there is an indication introduced for each carrier to duplicate the resource configurations (i.e. v2x-UE-ConfigList) of other carriers, therefore only one carrier needs to include the full set of the configurations in v2x-UE-ConfigList, but other carriers only need to include this indication (4 bits) along with other configurations in Table A.2-1.  
Then, each of the two carriers configured with the indication has a size of 4+31 =35 bits, where 31 is the total size of all fields, except for v2x-UE-ConfigList, in Table A.2-1. Also, by substituting MV =2, MP = 1, ME = 1 and summing up all parameter sizes in Table A.2-1, the per-carrier configurations for that carrier with full set configurations consume totally 1544 bits (with zone-based operation, Mv = 2 V2X Tx Pools). With the carrier number N = 3 and common configuration size of 504 bit, the total SIB21 size of Option 1 is computed as 1544+2*35+504+12 = 2130 bits, which is lower than the 2216 bits
This justifies that Option 1 is able to support typical scenario of 3*10 MHz ITS carriers, with all of zone-based operation, P2X and Exceptional pool enabled on each carrier. 
· Option 2: 
· Assume N=3 Carriers, and MV =1 V2X Tx Pools, MP = 0 P2X Tx Pool, ME = 0 Exceptional Pool and one Rx pool on each carrier.
Since in Option 2, the v2x-ResourceSelectionConfig is changed to a common configuration applied to all carriers but no longer a per-carrier configuration, then the common configuration of Option 2 becomes 504+527=1031 bits. 

With MV =1, MP = 0 and ME = 0 and summing up the sizes of all parameters, except v2x-ResourceSelectionConfig, in Table A.2-1, the total size of per-carrier configurations is now 378 bits (without zone-based operation due to MV =1 V2X Tx Pool). Further considering N=3 carriers, the total SIB 21 size of Option 2 in this case is 3*378+1031+12 = 2177 bits, lower than the 2216-bit limit. 

· Assume N=2 Carriers, and MV =1 V2X Tx Pools, MP = 0 P2X Tx Pool, ME = 1 Exceptional Pool and one Rx pool on each carrier.

With MV =1, MP = 0 and ME = 1, the total size of per-carrier configurations, except v2x-ResourceSelectionConfig, is 585 bits (with zone-based operation but with exceptional pool). Further considering N=3 carriers and a common configuration of 1031 bits as calculated above, the total SIB 21 size of Option 2 in this case is 2*585+1031+12 =2213 bits, lower than the 2216-bit limit. 

So, Option 2 may support a 3-carrier typical scenario, with however neither zone-based operation nor exceptional pool able to be further supported on any carrier. By contrast, it can support at most 2 carriers within an extra exceptional pool further supported per carrier (but no zone contemporarily). 
After all, the number of carriers that can be supported at most by each options and the corresponding SIB21 size are summarized as follows: 

Table A.3: Comparisons among different options

	Options
	Number of carries
	Number Pools per Carrier
	SIB21 Size
	Conclusion

	
	
	RX pool 
	V2X TX pool 
	P2X TX pool 
	Exceptional pool 
	
	

	Current SIB21 
	2
	1
	1
	0
	0
	2326
	SIB21 size beyond 2216.  Unable to support 2 carriers or more. 

	Option1
	3
	1
	2
	1
	1
	2130
	Can support at most 3 carriers with zone-based operation, P2X and exceptional pool. 

	Option2
	3
	1
	1
	0
	0
	2177
	May support at most 3 carriers w/o zone based operation or exceptional pool

	
	2
	1
	1
	0
	1
	2213
	May support at most 2 carriers with exceptional pool.
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