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Introduction
In the RAN1 #89 meeting, the following conclusions were drawn [1]:
Conclusions:
· Continue study on necessity of RACH capacity enhancement and possible solutions (if capacity enhancement is necessary) until next meeting with considering at least following aspects 
· Capacity limit due to short sequence length (e.g., which can be applied to beam sweeping)
· Capacity due to higher subcarrier spacing
· Supported cell radius as function of PRACH preamble reuse distance
· Capacity impact due to cell radius impact on Ncs
· Possibility to exploit spatial separation
· Arrival rate of UEs within a beam/cell
· UE distribution within cell

This contribution discusses the necessity of RACH capacity enhancement as well as the preamble format for capacity enhancement and other use cases, e.g. beam management. This is revised from R1-1715918
Discussions on RACH capacity enhancement
It has been agreed that besides the length 839 preamble sequence, preamble sequence with shorter length with L = 127 or 139 will be supported with subcarrier spacing of {15, 30, 60, 120} kHz. The short sequence with large subcarrier spacing is mainly for high frequency where multi-beam operation is required to compensate the large path loss. 
To guarantee the orthogonally between preamble sequences with the same root sequence and different cyclic shifts, the supported cell radius and the maximum delay spread should be considered when designing  set. For the case of short sequence length with large subcarrier spacing, the number of orthogonal sequences generated by single root sequence will be limited. Assume that the cell radius is  and the maximum supported delay spread is , and the lower bound for cyclic shift  can be written as
,
where c denotes the light speed,  denotes the sequence duration and  denotes the length of root sequence. Note that the sequence duration is determined by the sub-carrier spacing. Taking L=139 with sub-carrier spacing of 60 kHz as an example, Fig. 1 shows the relation between the number of orthogonal sequences generated by signal root sequence and the cell radius.
[image: ]
Fig. 1: relation between cell radius and the number of orthogonal sequences
As can be observed in Fig. 1, for a cell radius around 1 km, only 2 orthogonal sequences can be generated from one root sequence. To generate preamble sequence pool with 64 sequences, 32 root sequences are required. For preamble with short sequence length, it is inevitable for adjacent cells to choose overlap preamble sequence pool and this will damage the performance of random access procedure. For higher sub-carrier spacing, for example, 120 kHz, the situation becomes even worse, since in some cases, only root sequence can be used. Based on above discussions, we have following observation.
Observation 1: Due to the short sequence length and large sub-carrier spacing, the capacity of orthogonal RA preamble for one RACH resource is limited.
It was agreed that at least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices. If multiple DL signals/channels are configured to associate with the same subset of RACH resources, to determine Msg2 DL Tx beam, subsets of preamble indices should be associated with multiple DL signals/channels. For this case, the limitation on RACH capacity becomes severer since grouping of preamble sequences is required. As a result, the enhancement of RACH capacity is necessary to improve the performance of random access procedure, especially for high frequency range with multi-beam operations. Based on above discussions, we have following observation.
Observation 2: For the case of multiple DL Tx beams associated with one RACH resource, RACH capacity enhancement is needed.

Discussions on Preamble formats for capacity enhancements
During several meetings, multiple alternatives on preamble formats for capacity enhancements have been discussed as follows: 
· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH preambles
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH preambles
· Sinusoidal modulation on top of option 1
In Option 4, RACH capacity enhancement can be expected the combinations of independent root sequence IDs across consecutive RACH OFDM symbols. If one UE choose multiple independent short PRACH sequences or their combinations, it may reduce the collision probability by providing a larger pool of the sequence selection. For example, if there totally M root sequence ID are available, (M2) combinations can be generated for two consecutive RACH OFDM symbols in Option 4. From the supportable number of set perspective, Option 4 provides more set with limited number of root sequence ID. However, it is not clear that whether gNB can distinguish the actual sequence ID from UE. Some possible ways to distinguish the actual UEs were proposed. But ambiguity may be still happened when two UEs experience similar propagation delay. And for Option 4, a 2-step detection mechanism is proposed for the RACH capacity enhancement. It is well known that any 2-step detection mechanism will perform worse than one-step detection mechanism. This is because the scrambling sequence to use in 2nd step in [4] is dependent on the success of the detection of the 1st step. In fact, we show in results below that when the number of symbols used is >1, independent detection of the RACH preamble enhances the detection performance. Hence, the proposed techniques may only alleviate the problem of RACH detection while claiming to enhance the RACH capacity.
In Option 1 with sinusoidal cover code, a comb type operation is suggested in order to increase the RACH capacity. However it is trivial to see that this option needs larger size of IFFT/FFT for supporting the same length of RACH sequence in a given BW and furthermore this method is prone for ICI due to Doppler at high mobility. This ICI will cause losses in orthogonality obtained due to the sinusoidal cover code.
In Option 2, time domain OCC can provide capacity enhancements. It is obvious that RACH capacity can be increased N times compared to Option 1 in case of Option 2 with Time domain OCC, where N is Time domain OCC length. Besides, time domain OCC can indicate the UE capability of Tx/Rx beam correspondence, or indicate the subset of preambles. In particular, the preambles could be divided into groups based on different cover codes. In this case, the gNB will obtain the information of whether the UE has Tx/Rx beam correspondence or which Tx beam to be used for Msg. 2 transmission through the detection of preamble with time domain OCC. The length of Time domain OCC should be carefully determined considering time varying channel characteristic. Phase noise for above 6GHz does harm to time-invariant characteristic even the channel is constant across multiple RACH preambles. Constant channel characteristic across multiple RACH preambles will not be maintained due to residual carrier frequency offset as well. So, short sequence duration can be beneficial to apply time domain OCC in Option 2 so that larger subcarrier spacing should be considered to combine coherently across multiple OFDM symbols. The short length of time domain OCC (for example, L=2) for option 2 is preferred considering  
Proposal: For the case of multiple DL Tx beams associated with on RACH resource (i.e., DL Tx beams associated with different subsets of preambles), NR supports preamble format of option 2 with short length time domain OCC, and OCC index can indicate the subset of preambles. 

Conclusion
This contribution considered the necessity of RACH capacity enhancement. Based on the discussions, we have following observations and proposals.
Observation 1: Due to the limitation of sequence length and sub-carrier spacing, the capacity of RA preamble is also limited.
Observation 2: For the case of multiple DL Tx beams associated with one RACH resource, RACH capacity enhancement is needed.
Proposal: For the case of multiple DL Tx beams associated with on RACH resource (i.e., DL Tx beams associated with different subsets of preambles), NR supports preamble format of option 2 with short length time domain OCC, and OCC index can indicate the subset of preambles. 
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