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Introduction
In RAN2-99 [1], it was agreed that the following fields are always included in the RAR random access procedures: RAPID, UL grant, TA, Temporary C-RNTI for all cases other than msg. 1 SI request. BI will be supported similarly as in LTE. For SI request RAR, there is only one subheader comprising RAPID. Similar as in LTE, RAR multiplexing will be supported and MAC PDU of RAR will follow the NR MAC PDU format. In RAN2-99bis,it was further agreement that the E bit, T bit and 6 bits for RAPID in the subheader are kept as in LTE.
There is one FFS on whether SI request responses are grouped together. Further, the exact MAC PDU design such as subheader are not sufficiently discussed yet. This paper investigates the open issues regarding RAR design based on the available agreements.
[bookmark: _Ref178064866]Discussion
The UL grant in RAR is used to allocate the time frequency resources for message 3 transmission. In NR, the message 3 size can be variable and a UE can indicate the message size via random access preamble group selection if configured. The gNB can allocate the UL grant for message 3 when receiving the random access preamble from a UE. The minimum operation bandwidth (4.3 MHz) of NR is much larger than that (1.4 MHz) of LTE. The UL grant size field in NR RAR should be large enough to be able to allocate the minimum operation bandwidth of NR. The exact UL grant size further depends on the resource group size, which is still being discussed in RAN1.
[bookmark: _Toc497225904][bookmark: _Toc498004146][bookmark: _Toc498633513][bookmark: _Toc498633701]The size of UL grant field in RAR message depends on further input from RAN1.
According to RAN1 agreement, the maximum Timing Advance (TA) size is 12 bits. However, for a NR cell at very high frequency or in super dense deployment case, the cell size is small, which means that a TA field of 12 bits is not necessary due to the small propagation delay between gNB and UE. In our companion paper [2], it is concluded that a TA field length of 5 bits is enough for small cell sizes. Compared to 12-bit TA size, one byte can be saved for the MAC RAR PDU, which means a considerable RAR coverage improvement with lower coding rate in the same amount of time-frequency resources for RAR transmission. The TA field size of 12 bits will still be needed for large cell sizes. A correspondence between PRACH preamble format and the TA field size can be defined so that a UE can know the TA field size according to the PRACH preamble format. In our companion paper [3] in RAN1, it was proposed that such correspondence can be indicated to UE via PRACH configuration IE, e.g., PRACH preamble format. 
In our analysis we assume the UL grant field size is one or two bits larger than the 20 bits used in LTE due to the larger minimum operation bandwidth. Figure 1 shows a comparison of the RAR format sizes with different TA field sizes. The upper figure shows that RAR format size of 7 bytes (TA: 12 bits, UL grant: 22 bits, Temporary C-RTNI 16 bits, and 6 reserved bits) and the lower figure shows another RAR format size of 6 bytes (TA: 7 bits, UL grant: 22 bits, Temporary C-RTNI 16 bits, and 5 reserved bits). 
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(a) RAR format example with 12-bit TA
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(b) RAR format example with 5-bit TA
[bookmark: _Ref498613623]Figure 1 one byte is saved with 5-bit TA
[bookmark: _Toc498004142][bookmark: _Toc498633514][bookmark: _Toc498633702]Two TA field sizes are supported in a RAR message:
a. [bookmark: _Toc498004143][bookmark: _Toc498633515][bookmark: _Toc498633703]A short TA field size of 5 bits for small cell size
b. [bookmark: _Toc498004144][bookmark: _Toc498633516][bookmark: _Toc498633704]A large TA field size of 12 bits for large cell size 
[bookmark: _Toc498004145][bookmark: _Toc498633517][bookmark: _Toc498633705]The TA field size in RAR message is indicated via PRACH configuration (e.g. PRACH preamble format).
In RAN2-99, it was agreed that NR will support C-RNTI (unique within a cell) and A-RNTI (unique within an area larger than or equal to a cell). A-RNTI, which is longer than C-RNTI, is used to identify the terminal that holds the UE context. A-RNTI was renamed to be I-RNTI afterwards. Hence, for a UE in RRC_inactive state, the I-RNTI instead of C-RNTI is used identify the terminal node in RRC_inactive state. This means, the C-RNTI is released when a UE enters RRC_inactive state from RRC_active state.  
[bookmark: _Toc498633446][bookmark: _Toc498633476]UE in RRC_inactive state does not need C-RNTI.
When C-RNTI is only used for RRC_active UE, the required length should match the maximum number of RRC_active UEs in a cell. In LTE, C-RNTI length is 16 bits, corresponding to a maximum number of 65536, which is expected to be large enough to identify all active UEs in a cell. Hence, the C-RNTI length in NR can be kept the same as in LTE, i.e. 16 bits. Considering that tempory C-RNTI tranfers to be a C-RNTI when a UE finishes random access, the temporary C-RNTI in NR can be still 16 bits as in LTE as well.
[bookmark: _Toc497225905][bookmark: _Toc498004147][bookmark: _Toc498633518][bookmark: _Toc498633706]Temporary C-RNTI field length is 16 bits in RAR message.

[bookmark: _Toc494305535][bookmark: _Toc494305536]Integrated SI response is worth to be investigated in order to reduce RAR message size. Figure 2 below shows two examples of integrated response for SI requests based on E/T/Ta/Bitmap.	Comment by Jinhua Liu: TBD: whether to keep this. 
· Figure 2a shows an improvement with a bitmap in the one-byte subheader. Here the SI request response can share the same T value as response for BI. When T is 0, the UE knows an additional type bit Ta follows. If Ta = 0, it indicates that a R bit and a 4-bit BI are comprised in the 5 LSBs. Otherwise, if Ta = 1, it indicates that a bitmap follows to indicate up to 5 different received SI requests. The correspondence between the bitmap and the SI requests can be predefined based on the (ascending/descending) ID order of preconfigured random access preambles for SI requests, which means no additional signalling is needed to configure the relevance.
· Figure 2b shows another improvement with a longer bitmap, wherein the bitmap expands across the subheader and one byte payload. The bit-width of the bitmap is 13, which can be used as integrated response for up to 13 different SI requests. 
[image: ]
[bookmark: _Ref494198275]Figure 2 Integrated response for SI requests based on E/T/Ta/Bitmap
As system information blocks with the same periodicity can be integrated into one SI message and Alt.1 can support response for on-demand transmission for up to 5 SI messages of different periodicities it can be expected that the single byte subheader in Figure 2a can fulfil the need of on-demand SI transmission. The example in Figure 2b could be used if some more bits are desired for future use. Compared to the baseline, both of these examples can clearly reduce the message size for responses of SI requests and the complexity for a UE to sparse the RAR MAC PDU due to single response message is enough for multiple SI requests. Hence, we propose:
[bookmark: _Toc494103855][bookmark: _Toc494103921][bookmark: _Toc494104313][bookmark: _Toc494104361][bookmark: _Toc494201696][bookmark: _Toc494201759][bookmark: _Toc494384161][bookmark: _Toc497225906][bookmark: _Toc498004148][bookmark: _Toc498633519][bookmark: _Toc498633707][bookmark: _Toc494103608][bookmark: _Toc494103644][bookmark: _Toc494103671][bookmark: _Toc494103681][bookmark: _Toc494103707][bookmark: _Toc494103724][bookmark: _Toc494103758]RAN2 studies an improved SI request response for one or multiple SI requests based on subheader format with E/T/Ta/Bitmap.
Conclusion
[bookmark: _In-sequence_SDU_delivery]Based on the discussion in section 2 we propose the following:
Proposal 1	The size of UL grant field in RAR message depends on further input from RAN1.
Proposal 2	Two TA field sizes are supported in a RAR message:
a.	A short TA field size of 5 bits for small cell size
b.	A large TA field size of 12 bits for large cell size
Proposal 3	The TA field size in RAR message is indicated via PRACH configuration (e.g. PRACH preamble format).
Proposal 4	Temporary C-RNTI field length is 16 bits in RAR message.
Proposal 5	RAN2 studies an improved SI request response for one or multiple SI requests based on subheader format with E/T/Ta/Bitmap.
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