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Introduction
This contribution addresses schemes to indicate the message 3 size via message 1 transmission in NR. It discusses aspects which are needed for providing a procedure description that can be used as a basis for the NR MAC specification. 
In RAN2-96, there are the following agreements:
· The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 
· FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.
Discussion of how to indicate the message 3 size has been done in several previous contributions, e.g. [1] and [2].
[bookmark: _Ref178064866]Discussion
To facilitate the discussion of indicating of message 3 size using message 1, we define the following terms:
-	PRACH radio resources: time-frequency resources for the PRACH transmissions
-	PRACH preamble resources: PRACH preamble sequence set
-	PRACH resources = PRACH radio resources + PRACH preamble resources
For PRACH resource partition, we mean that either or both the PRACH radio resources and PRACH preamble resources are partitioned. Since different PRACH resource partitioning means different complexity, RA performance and PRACH resource consumption, care must be taken when configuring and partitioning these for various purposes. The procedure to indicate message 3 size via PRACH transmission using PRACH resource partitioning must be thoroughly studied to ensure it operates accurately and to identify the preferred PRACH resource partition schemes.
[bookmark: _Ref189046994]For indicating message 3 size via PRACH transmission, the rationale is that if the gNB knows the size of the small data, it can assign a grant which is sufficient to carry the available data with message 3. If the size is not known, it may happen that only part of the data can be multiplexed with message 3, and the remaining will need to wait for a new grant, which means not only additional overhead but also increased data transmission delay, or even triggering RRC_inactive to RRC_active state transfer for a UE, which means signalling overhead increase. It may also happen that the gNB provides a too large grant, which will waste radio resources.  
In LTE, CCCH SDU (RRCConnectionRequest or RRCConnectionResumeRequest) is not segmented. This means that the network needs to provide at least 56 bits grant for Msg3. On the other hand, the initial RRC message cannot be extended very easily as the network is not expected to provide very large grant. Another possible situation could be in connected mode when a long BSR indicating the buffer status for 8 LCH, resulting in up to 88 bits is to be included in Msg3, pending exact design of the BSR format.
Hence, since achieving a low CP latency which is one of the main goals of NR and observing that there are several different possible Msg3 sizes, allowing a flexible Msg3 size indication needs to be future proof.
Preamble partition
In LTE, two preamble groups, Random Access Preamble group A and Random Access Preamble group B, have been defined which can indicate if message 3 is above or below a configurable threshold. Random access preamble partition has the advantage of low complexity and low overhead for indicating message 3 size. Hence this should be still used in NR. More discussion is needed to decide the number of preamble groups and if a higher granularity than LTE is needed. However, since the number of PRACH preambles are limited, defining more than 2 (or 3) Random Access Preamble groups can result in too small preamble group size and considerably increase the collision probability. Since it is still very unclear how many preamble groups are needed it would be wise at this stage to make the design flexible and future proof.
[bookmark: _Toc477262477][bookmark: _Toc477416065][bookmark: _Toc477510635][bookmark: _Toc477896801][bookmark: _Toc477896941][bookmark: _Toc477935348][bookmark: _Toc477935402][bookmark: _Toc477935466][bookmark: _Toc478045657][bookmark: _Toc478049520][bookmark: _Toc478113860][bookmark: _Toc478113996][bookmark: _Toc478127571][bookmark: _Toc478127622][bookmark: _Toc478127633][bookmark: _Toc478127652][bookmark: _Toc478127664][bookmark: _Toc478128076][bookmark: _Toc478152317][bookmark: _Toc480793712][bookmark: _Toc481680952][bookmark: _Toc481866929][bookmark: _Toc484697762][bookmark: _Toc484698177][bookmark: _Toc485210604][bookmark: _Toc485399646]Defining Random Access Preamble groups for flexible message 3 size indication is supported.
[bookmark: _Toc477935467][bookmark: _Toc478045658][bookmark: _Toc478049521][bookmark: _Toc478113861][bookmark: _Toc478113997][bookmark: _Toc478127572][bookmark: _Toc478127623][bookmark: _Toc478127634][bookmark: _Toc478127653][bookmark: _Toc478127665][bookmark: _Toc478128077][bookmark: _Toc478152318][bookmark: _Toc480793713][bookmark: _Toc481680953][bookmark: _Toc481866930][bookmark: _Toc484697763][bookmark: _Toc484698178][bookmark: _Toc485210605][bookmark: _Toc485399647]The number of Random Access Preamble groups and corresponding message 3 size thresholds are configurable by the network.
[bookmark: _Toc477896803][bookmark: _Toc477896943][bookmark: _Toc477935350][bookmark: _Toc477935404][bookmark: _Toc477935468][bookmark: _Toc478045659][bookmark: _Toc478049522][bookmark: _Toc478113862][bookmark: _Toc478113998][bookmark: _Toc478127573][bookmark: _Toc477262478][bookmark: _Toc477416066][bookmark: _Toc477510636]To configure Random Access Preamble groups similar parameters as in LTE could be used. For example sizeOfRA-PreamblesGroupX could be used to derive which preambles belong to which Random Access Preamble groups. For example, with 3 Preamble groups we could define:
[bookmark: _Toc477896804][bookmark: _Toc477896944][bookmark: _Toc477935351][bookmark: _Toc477935405][bookmark: _Toc477935469][bookmark: _Toc478045660][bookmark: _Toc478049523][bookmark: _Toc478113863][bookmark: _Toc478113999]-	Random Access Preamble group A has preambles 0 to sizeOfRA-PreamblesGroupA – 1, 
[bookmark: _Toc477896805][bookmark: _Toc477896945][bookmark: _Toc477935352][bookmark: _Toc477935406][bookmark: _Toc477935470][bookmark: _Toc478045661][bookmark: _Toc478049524][bookmark: _Toc478113864][bookmark: _Toc478114000]-	Random Access Preamble group B has preambles sizeOfRA-PreamblesGroupA to sizeOfRA-PreamblesGroupA + sizeOfRA-PreamblesGroupB – 1. 
[bookmark: _Toc478113865][bookmark: _Toc478114001][bookmark: _Toc477896806][bookmark: _Toc477896946][bookmark: _Toc477935353][bookmark: _Toc477935407][bookmark: _Toc477935471][bookmark: _Toc478045662][bookmark: _Toc478049525]-	Random Access Preamble group C has preamble sizeOfRA-PreamblesGroupA + sizeOfRA-PreamblesGroupB to sizeOfRA-PreamblesGroupA + sizeOfRA-PreamblesGroupB + sizeOfRA-PreamblesGroupC – 1.
[bookmark: _Toc477896807][bookmark: _Toc477896947][bookmark: _Toc477935354][bookmark: _Toc477935408][bookmark: _Toc477935472][bookmark: _Toc478045663][bookmark: _Toc478049526][bookmark: _Toc478113866][bookmark: _Toc478114002][bookmark: _Toc478127574][bookmark: _Toc478127624]Also other encodings could be possible.
[bookmark: _Toc477896808][bookmark: _Toc477896948][bookmark: _Toc477935355][bookmark: _Toc477935409][bookmark: _Toc477935473][bookmark: _Toc478045664][bookmark: _Toc478049527][bookmark: _Toc478113867][bookmark: _Toc478114003][bookmark: _Toc478127575][bookmark: _Toc478127625][bookmark: _Toc478127635][bookmark: _Toc478127654][bookmark: _Toc478127666][bookmark: _Toc478128078][bookmark: _Toc478152319][bookmark: _Toc480793714][bookmark: _Toc481680954][bookmark: _Toc481866931][bookmark: _Toc484697764][bookmark: _Toc484698179][bookmark: _Toc485210606][bookmark: _Toc485399648]If n Random Access Preamble groups are configured, each Random Access Preamble group X (0 ≤ X ≤ n-1) should have a parameter sizeOfRA-PreamblesGroupX.
[bookmark: _Toc478113868][bookmark: _Toc478114004][bookmark: _Toc478127576][bookmark: _Toc478127626][bookmark: _Toc478127636]In order to map a message size to preamble group, each Random Access Preamble group except the last must have a parameter Message3-ThresholdX, which indicates the maximum size of the Message 3 size of Random Access Preamble group X. For example, for three Random Access Preamble groups we need two thresholds Message3-ThresholdA and Message3-ThresholdB, where if message 3 size is less than or equal to Message3-ThresholdA, a preamble from Random Access Preamble group A is used. If message 3 size is larger than Message3-ThresholdA but less than or equal to Message3-ThresholdB, a preamble from Random Access Preamble group B is used. In all other cases a preamble from Random Access Preamble group C is used.
[bookmark: _Toc477896811][bookmark: _Toc477896951][bookmark: _Toc477935358][bookmark: _Toc477935412][bookmark: _Toc477935476][bookmark: _Toc478045666][bookmark: _Toc478049529][bookmark: _Toc478113870][bookmark: _Toc478114006][bookmark: _Toc478127577][bookmark: _Toc478127627][bookmark: _Toc478127637][bookmark: _Toc478127655][bookmark: _Toc478127667][bookmark: _Toc478128079][bookmark: _Toc478152320][bookmark: _Toc480793715][bookmark: _Toc481680955][bookmark: _Toc481866932][bookmark: _Toc484697765][bookmark: _Toc484698180][bookmark: _Toc485210607][bookmark: _Toc485399649]If n Random Access Preamble groups are configured, there are n – 1 Message 3 size thresholds for Random Access Preamble group selection.
Since both the Random Access Preamble Group definition and the corresponding message 3 size thresholds can be common for all users in a cell and there seems no benefit to have user-specific configurations. It is preferred to convey these parameters via System Information as they may be applied in connection request. 
[bookmark: _Toc477896812][bookmark: _Toc477896952][bookmark: _Toc477935359][bookmark: _Toc477935413][bookmark: _Toc477935477][bookmark: _Toc478045667][bookmark: _Toc478049530][bookmark: _Toc478113871][bookmark: _Toc478114007][bookmark: _Toc478127578][bookmark: _Toc478127628][bookmark: _Toc478127638][bookmark: _Toc478127656][bookmark: _Toc478127668][bookmark: _Toc478128080][bookmark: _Toc478152321][bookmark: _Toc480793716][bookmark: _Toc481680956][bookmark: _Toc481866933][bookmark: _Toc484697766][bookmark: _Toc484698181][bookmark: _Toc485210608][bookmark: _Toc485399650]Both sizeOfRA-PreamblesGroupX and Message3-ThresholdX are conveyed via remaining SI or on-demand SI.
[bookmark: _Toc477896813][bookmark: _Toc477896953][bookmark: _Toc477935360][bookmark: _Toc477935414][bookmark: _Toc477935478][bookmark: _Toc478045668][bookmark: _Toc478049531][bookmark: _Toc478113872][bookmark: _Toc478114008][bookmark: _Toc478127579][bookmark: _Toc478127629][bookmark: _Toc478127639][bookmark: _Toc478127657]Since the PRACH preambles are limited, use of fine grained partitions will further fragment the PRACH resources, which will lower the PRACH resource sharing efficiency and increase the preamble collision probability. Furthermore, more indicators must be included in either minimum SI or other SI, which means overhead increase for broadcast transmission. In considering this, the pros and cons of other schemes which require the further PRACH resource partition for other purposes shall be carefully evaluated and should only be used if a real need is foreseen. Our view is that there is currently no need for additional PRACH resource partition for other purposes.
[bookmark: _Toc477262479][bookmark: _Toc477416067][bookmark: _Toc477510637][bookmark: _Toc477896814][bookmark: _Toc477896954][bookmark: _Toc477935361][bookmark: _Toc477935415][bookmark: _Toc477935479][bookmark: _Toc478045669][bookmark: _Toc478049532][bookmark: _Toc478113873][bookmark: _Toc478114009][bookmark: _Toc478127580][bookmark: _Toc478127630][bookmark: _Toc478127640][bookmark: _Toc478127658][bookmark: _Toc478127669][bookmark: _Toc478128081][bookmark: _Toc478152322][bookmark: _Toc480793717][bookmark: _Toc481680957][bookmark: _Toc481866934][bookmark: _Toc484697767][bookmark: _Toc484698182][bookmark: _Toc485210609][bookmark: _Toc485399651]More PRACH preamble partitions for other reasons than indication of message 3 size should not be supported in NR.
PRACH partition
In addition to preamble groups, use of partitioning PRACH radio resources to indicate Message 3 size could also be feasible. In LTE, the prach-ConfigIndex is used to indicate where in time and frequency the PRACH transmissions may take place. Using different prach-ConfigIndex configurations, the UE may transmit PRACH preamble in more than one subframes in a radio frame with odd, even or any system frame number (SFN). For instance, when prach-ConfigIndex is configured to 6, a UE can choose to transmit PRACH in Subframe 1 or 6 in any radio frame [3]. Irrespective on how the final PRACH design is done in RAN1, one could use PRACH transmission occurrence in time (subframe number and or system frame number) to indicate the message 3 size. As an example, one can divide the subframe numbers for PRACH transmissions into groups and each group indicates one message 3 size range. As another example, one can use odd or even SFN when the PRACH is transmitted to indicate message 3 size. By such grouping schemes, the message 3 size can be indicated without clear increase of the receiver complexity. 
[bookmark: _Toc477935362][bookmark: _Toc477935416][bookmark: _Toc477935480][bookmark: _Toc478045670][bookmark: _Toc478049533][bookmark: _Toc478113874][bookmark: _Toc478114010][bookmark: _Toc478127581][bookmark: _Toc478127631][bookmark: _Toc478127641][bookmark: _Toc478127659][bookmark: _Toc478127670][bookmark: _Toc478128082][bookmark: _Toc478152323][bookmark: _Toc480793718][bookmark: _Toc481680958][bookmark: _Toc481866935][bookmark: _Toc484697768][bookmark: _Toc484698183][bookmark: _Toc485210610][bookmark: _Toc485399652]NR shall support a configuration using the System Frame Number and/or subframe/slot number for PRACH transmission to signal Message 3 size, pending RAN1 decisions.
One way would be to combine this with Random Access Preamble groups is to use two Random Access Preamble groups, where only one of the groups, e.g. Random Access Preamble group B, is used to indicate Message 3 size. If a preamble from Random Access Preamble group A is used, no size indication is used. Within Random Access Preamble group B, one example is to use different subframe number and or SFN of PRACH transmission to indicate different Message 3 size. More PRACH transmission groups can be realized without increase of the receiver complexity for PRACH monitoring and collision probability. This method will result in efficient grant allocation for UL small data transmission. Hence we propose: 
[bookmark: _Toc478114011][bookmark: _Toc478127582][bookmark: _Toc478127632][bookmark: _Toc478127642][bookmark: _Toc478127660][bookmark: _Toc478127671][bookmark: _Toc478128083][bookmark: _Toc478152324][bookmark: _Toc480793719][bookmark: _Toc481680959][bookmark: _Toc481866936][bookmark: _Toc484697769][bookmark: _Toc484698184][bookmark: _Toc485210611][bookmark: _Toc485399653]NR shall support configuration of using the SFN and/or subframe/slot number for PRACH transmission in combination with Random Access Preamble groups to signal Message 3 size, pending RAN1 decisions.
Conclusion
[bookmark: _Hlk484698195]Based on the discussion in section 2 we propose the following:
Proposal 1	Defining Random Access Preamble groups for flexible message 3 size indication is supported.
Proposal 2	The number of Random Access Preamble groups and corresponding message 3 size thresholds are configurable by the network.
Proposal 3	If n Random Access Preamble groups are configured, each Random Access Preamble group X (0 ≤ X ≤ n-1) should have a parameter sizeOfRA-PreamblesGroupX.
Proposal 4	If n Random Access Preamble groups are configured, there are n – 1 Message 3 size thresholds for Random Access Preamble group selection.
Proposal 5	Both sizeOfRA-PreamblesGroupX and Message3-ThresholdX are conveyed via remaining SI or on-demand SI.
Proposal 6	More PRACH preamble partitions for other reasons than indication of message 3 size should not be supported in NR.
Proposal 7	NR shall support a configuration using the System Frame Number and/or subframe/slot number for PRACH transmission to signal Message 3 size, pending RAN1 decisions.
Proposal 8	NR shall support configuration of using the SFN and/or subframe/slot number for PRACH transmission in combination with Random Access Preamble groups to signal Message 3 size, pending RAN1 decisions.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref478128086][bookmark: _Ref174151459][bookmark: _Ref189809556]R2-1505193, Signaling MSG3 size, Huawei, HiSilicon. RAN2#98, Hangzhou China, 15-19 May 2017.
R2-1704781, Random Access in NR, Intel Corporation. RAN2#98, Hangzhou China, 15-19 May 2017.
3GPP TS 36.211-a10, Table 5.7.1-2



	2/4	
