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1	Introduction
In last meeting, companies agree that there is an issue of a huge RRCC message size for CSI-RS related configuration. 
	R2-1810613	RRC Message Size Considering CSI-RS Related Configurations	MediaTek Inc.	discussion	Rel-15	NR_newRAT-Core
-	Huawei think that RAN1 already have some additional restrictions but need to check if they are already captured. MediaTek indicate that these are captured in RAN1 spec.
=>	Noted
-	Update from offline discussion: Companies agree there is an issue with message size and companies would like to work on this and provide contributions to next meeting.
=>	Contributions on RRC message size and RRC buffer size can be submitted to next meeting.



In this Tdoc, we evaluate the message size to signal CSI-RS RACH occasion indication (i.e. csirs-ResourceList), and provide alternatives to reduce the message size.

2	Discussion
In RACH-ConfigDedicated  IE, the maximum size of csirs-ResourceList, which is used to indicate available ROs for CSI-RSs, reaches 6.89 Kbytes. To be specific, 
· The maximum size for each CFRA-CSIRS-Resource is 588 bits
· Each CFRA-CSIRS-Resource includes ra-OccasionList to enumerate at most maxRA-OccasionsPerCSIRS(64) ROs from the maxRA-Occasions(512) RO candidates.
· 64*log2(512) + 6 (CSI-RS-Index) + 6 (ra-PreambleIndex) = 588 bits
· The maximum size of csirs-ResourceList is 6.89 Kbytes
· csirs-ResourceList can include at most maxRA-CSIRS-Resources (96) CFRA-CSIRS-Resource.
· 96 CSI-RS * 588 bits per CSI-RS =56448 bits = about 6.89 Kbytes

Observation 1: The maximum size of RACH-ConfigDedicated for CSI-RS reaches 6.89 Kbytes.
RACH-ConfigDedicated information element
[bookmark: _Hlk515480822]-- ASN1START
-- TAG-RACH-CONFIG-DEDICATED-START

RACH-ConfigDedicated ::=		SEQUENCE {
	cfra							CFRA																	OPTIONAL,	-- Need N
	ra-Prioritization				RA-Prioritization																OPTIONAL,	--Need N
	...
}

CFRA ::=					SEQUENCE {
	occasions						SEQUENCE {
		rach-ConfigGeneric				RACH-ConfigGeneric,
[bookmark: _Hlk512344749]		ssb-perRACH-Occasion			ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}	OPTIONAL	-- Cond SSB-CFRA
	}																												OPTIONAL,	-- Need S
	resources						CHOICE {
		ssb								SEQUENCE {
			ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
			ra-ssb-OccasionMaskIndex		INTEGER (0..15)
		},
		csirs							SEQUENCE {
			csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
			rsrp-ThresholdCSI-RS			RSRP-Range
		}
	},
	...
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Index,
	ra-PreambleIndex				INTEGER (0..63),
	...
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							CSI-RS-Index,
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
	ra-PreambleIndex				INTEGER (0..63),	
	...
}

-- TAG-RACH-CONFIG-DEDICATED-STOP
-- ASN1STOP

An excessive large RRC message size produces large amount of signalling overhead and is challenging to UE processing and memory, which is not preferred. From our point of view, two options can be considered:
· Option 1: Reduce the maximum size of RO indicated in field CFRA for CSI-RS
· Option 2: Re-design the structure of CFRA-CSIRS-Resource
2.1	Option 1: Reduce the maximum size of CFRA for CSI-RS
There are two ways to reduce the maximum size of RO indicated in field CFRA.
· Option 1-1: Reduce the maximum values of maxRA-CSIRS-Resources and/or maxRA-OccasionsPerCSIRS  included in csirs-ResourceList.
· Option 1-2: In field description, limit the total number of ROs indicated for CSI-RSs in csirs-ResourceList.

For Option 1-1, we can see the maximum values of maxRA-CSIRS-Resources and/or maxRA-OccasionsPerCSIRS  are both excessive large. To be specific, 
· maxRA-CSIRS-Resources (96): the maximum number of CSI-RS that can be indicated in a csirs-ResourceList
· It is not crystal clear why we need at most 96 CSI-RS for RO allocation. We think with QCLed information to a SSB, only a few CSI-RS beams are required to have dedicated ROs to cover the SSB beam width. Therefore, 96 is excessively larger than sufficient. 
· Besides, for RRC configured CFRA, CBRA fallback is always supported, and therefore there is no much need to allocate ROs on many CSI-RS beams. If no CSI-RSs are above RSRP threshold, UE anyway could fall back to perform CBRA.

· maxRA-OccasionsPerCSIRS(64): the maximum number of ROs allocated for each CSI-RS
· Each SSB is associated with at most 8 ROs. Therefore, for each CSI-RS which has a narrow beam width than a SSB, the maximum number of associated ROs should be at most 8 ROs. That is, current value (64) is much larger than enough.

If we can reduce maxRA-CSIRS-Resources to 8 and reduce maxRA-OccasionsPerCSIRS to 8, the overhead of CFRA-CSIRS-Resource for CSI-RS can be reduced to 672 bits, which is 1.2% of the original message size.

However, since Option 1-1 is not backward compatible, an equivalent solution is to apply Option 1-2 by adding restriction in field description to limit the total number of ROs that can be included in a csirs-ResourceList.
· In current ASN.1, csirs-ResourceList can include at most 96*64 =  6144 ROs.
· If we consider maxRA-CSIRS-Resources as 8 and maxRA-OccasionsPerCSIRS as 8, csirs-ResourceList includes at most 64 ROs.
	CFRA field descriptions

	ra-ssb-OccasionMaskIndex
Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources signalled in ssb-ResourceList

	rach-ConfigGeneric
Configuration of contention free random access occasions for CFRA.

	ssb-perRACH-Occasion 
Number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion').

	csirs-ResourceList 
The list of CFRA-CSIRS-Resource to enumerate ROs on different CSI-RSs. The total number of RACH occasions indicated by csirs-ResourceList shall not exceed 64




Observation 2: Huge RRC message size to indicate CFRA ROs for CSI-RS is caused by the values of maxRA-CSIRS-Resources and maxRA-OccasionsPerCSIRS, which are both excessively larger than sufficient.

2.2	Option 2: Re-design the structure of CFRA-CSIRS-Resource
In current ra-OccasionList of CFRA-CSIRS-Resource, ROs for each CSI-RS are enumerated from total 512 ROs rather than indicated by a pre-defined masking. The approach provides fully flexibility for RO indication, but has a price of significant signalling overhead. Besides, as we addressed in [1], the order of RO index for CSI-RS is still not specified in RAN1 spec.
An alternative to indicate ROs for a CSI-RS is to reuse SSB index as the group ID to indicate ROs, as already used in PDCCH order (as explained in the end of the subsection). To be specific, we group the total 512 ROs into 64 equal-sized groups, i.e., 8 ROs per groups. In this way, the 8 ROs in the i-th group can be identified by SSB index i-1 and the associated ra-ssb-OccasionMaskIndex, as expressed in RO-Resource below.
CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							CSI-RS-Index,
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
     ra-OccasionList					SEQUENCE (SIZE(1.. maxRA-ResourcesPerCSIRS)) OF RO-Resource,
	ra-PreambleIndex				INTEGER (0..63),	
	...
}

RO-Resource ::= 		SEQUENCE {
	ssb							SSB-Index,
	ra-ssb-OccasionMaskIndex		INTEGER (0..15)
	...
}

maxRA-ResourcesPerCSIRS ::= 8

To have a fair comparison, we assume each ra-OccasionList indicate at most 64 ROs, i.e., 8 RO-Resource, then the new structure reduces 84.4% signalling overhead.
· Each RO-Resource takes 10 bits 
· SSB-Index(6)+ ra-ssb-OccasionMaskIndex(4) = 10 bits
· Each CFRA-CSIRS-Resource takes 92 bits
· 6 (CSI-RS-Index)+ 10 bits per RO-Resource *8 RO-Resource+ 6 (ra-PreambleIndex) = 92 bits
· csirs-ResourceList requires only 15.6% of the original overhead
· 92 bits per CSI-RS*96 CSI-RS = 8832 bits = about 15.6% of the original overhead (56448 bits)

Compared to the original structure, the new ra-OccasionList indeed has less scheduling flexibility because it limits the 64 ROs to be in 8 of the 64 RO groups. However, we thinks the impact on RACH latency and network resource efficiency is probably be marginal due to the following reasons:
· RACH latency could be reduced by smart network implementation. For example, 
· Network could select RO groups distributed in time domain to reduce waiting time for the next available ROs.
· If network prefers to allocate more ROs on a CSI-RS, network could for the CSI-RS signal n CFRA-CSIRS-Resource with n >1 to indicate at most 8*n ROs. 
· The reserved value in the mask (as defined in Table 7.4-1: PRACH Mask Index values of TS 38.321) can be further designed to improve scheduling granularity.

Observation 3: Huge RRC message size to indicate CFRA ROs for CSI-RS also comes from the support of fully RO scheduling flexibility.
Observation 4: Applying proposed ra-OccasionList structure could significantly reduce signalling overhead, while achieving similar RACH latency and network resource efficiency by smart network scheduling.

Finally, notice that in RAN1 agreement, SSB index is indeed used as an index to identify a group of ROs for PDCCH order initiated CFRA. Therefore, SSB index, as a RO group ID, can also be used to indicate ROs for CSI-RS. 
	Agreements: (RAN1 #93, Busan, May 2018)
Update previous agreements as follows:
· PDCCH order for RACH procedure includes the following fields:
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· For CFRA only:
· FFS BWP index. Indicating which BWP to transmit the Random access preamble on  (no BWP index is necessary in Rel-15)
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· PRACH occasion Mask index – 3 4 bits are used to indicate the relative RACH occasion PRACH Mask index that corresponds to the RO(s) in the set of RACH occasions identified by the indicated SSB index the indicated SSB index identified group of RACH occasions
· RAN1 supports RAN2’s agreements regarding the PRACH table as in R1-1805803.
· The set of RACH occasions identified by the indicated SSB index within one association period are ordered in the following way:
· In the order of increasing frequency multiplexed RACH occasions and then
· In the order of increasing time multiplexed RACH occasions within a RACH slot and then
· In the order of increasing RACH slot indices


2.3	Conclusion
Based on discussion above, we think both options work to reduce RRC message size of RACH-ConfigDedicated, but Option 1 has much less impact on current ASN.1 code. 
Observation 5: Option 1-2 is the only option that is backward compatible.　
· Option 1: Reduce the maximum size of RO indicated in field CFRA for CSI-RS
· Option 1-1: Reduce the maximum values of maxRA-CSIRS-Resources and/or maxRA-OccasionsPerCSIRS  included in csirs-ResourceList.
· Option 1-2: In field description, limit the total number of ROs indicated for CSI-RSs in csirs-ResourceList.
· Option 2: Re-design the structure of CFRA-CSIRS-Resource


We therefore have proposals below:
Proposal 1: RAN2 adopts Option 1-2, i.e. add restriction in the field description of csirs-ResourceList to limit the maximum number of indicated ROs in csirs-ResourceList. The corresponding CR is provided in [2].

Proposal 2: If Option 1-2 is not agreed, RAN2 adopts Option 2, i.e., modify the ra-OccasionList in CFRA-CSIRS-Resource. The corresponding CR is provided in [3].

Note that currently the reference to order the maxRA-Occasions (512) ROs for CSI-RS is still missing in RAN1 spec. If RAN2 finally decides to keep original ra-OccasionList structure, RO indexing method for CSI-RS should be specified in RAN1 spec, and the field description of ra-OccasionList should refer to RAN1 spec.
Observation 6: If ra-OccasionList structure remains unchanged, RO indexing method for CSI-RS should be specified in RAN1 spec for maxRA-OccasionsPerCSIRS to be referred to. 

Proposal 3: If Option 2 is not agreed, RAN2 send an LS to RAN1 to ask for clarification and reference of RO indexing method for CSI-RS, and add reference to the field description of ra-OccasionList in CFRA-CSIRS-Resource.
3	Summary
We have observations on the RRC Message Size for RACH-ConfigDedicated  IE:
Observation 1: The maximum size of RACH-ConfigDedicated for CSI-RS reaches 6.89 Kbytes.
Observation 2: Huge RRC message size to indicate CFRA ROs for CSI-RS is caused by the values of maxRA-CSIRS-Resources and maxRA-OccasionsPerCSIRS, which are both excessively larger than sufficient.
Observation 3: Huge RRC message size to indicate CFRA ROs for CSI-RS also comes from the support of fully RO scheduling flexibility.
Observation 4: Applying proposed ra-OccasionList structure could significantly reduce signalling overhead, while achieving similar RACH latency and network resource efficiency by smart network scheduling.
Observation 5: Option 1-2 is the only option that is backward compatible.　
· Option 1: Reduce the maximum size of RO indicated in field CFRA for CSI-RS
· Option 1-1: Reduce the maximum values of maxRA-CSIRS-Resources and/or maxRA-OccasionsPerCSIRS  included in csirs-ResourceList.
· Option 1-2: In field description, limit the total number of ROs indicated for CSI-RSs in csirs-ResourceList.
· Option 2: Re-design the structure of CFRA-CSIRS-Resource

Observation 6: If ra-OccasionList structure remains unchanged, RO indexing method for CSI-RS should be specified in RAN1 spec for maxRA-OccasionsPerCSIRS to be referred to. 

Based on the observations, and the impact to ASN.1 code, we have the following proposals:
Proposal 1: RAN2 adopts Option 1-2, i.e. add restriction in the field description of csirs-ResourceList to limit the maximum number of indicated ROs in csirs-ResourceList. The corresponding CR is provided in [2].

Proposal 2: If Option 1-2 is not agreed, RAN2 adopts Option 2, i.e., modify the ra-OccasionList in CFRA-CSIRS-Resource. The corresponding CR is provided in [3].

Proposal 3: If Option 2 is not agreed, RAN2 send an LS to RAN1 to ask for clarification and reference of RO indexing method for CSI-RS, and add reference to the field description of ra-OccasionList in CFRA-CSIRS-Resource.
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