3GPP TSG-RAN2 104                                                                           R2-1816312
Spokane, USA, 12th - 16th Nov 2018

Agenda item:
11.2.1.1
Source:
Samsung

Title:
Random Access Response Reception in NR-U
Document for:
Discussion & Decision
1 Introduction
In this contribution we discuss the impact of random access response transmission/reception in unlicensed spectrum.
2 Discussion
In NR, after transmitting the Random Access preamble, MAC entity starts the ra-ResponseWindow at the first PDCCH occasion from the end of the Random Access Preamble transmission (see Figure 1). Random access response (RAR) is carried in PDSCH scheduled by PDCCH in CORESET configured in RACH Configuration. In the ra-ResponseWindow, UE monitors for PDCCH addressed to RA-RNTI, where RA-RNTI corresponding to transmitted random access preamble is determined as follows:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where, 

· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), 
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), 
· f_id is the index of the specified PRACH occasion in the frequency domain (0 ≤ f_id < 8), and
· ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).
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Figure 1
In case of unlicensed spectrum, gNB needs to determine whether the channel is free or not for PDSCH transmission in ra-ResponseWindow. If channel is not free, gNB cannot transmit RAR. Failure to transmit RAR in ra-ResponseWindow would lead to random access preamble retransmission. The chances of obtaining a free channel can be increased by increasing the transmission opportunities for RAR transmission. The transmission opportunities can be increased in time domain by increasing the length of ra-ResponseWindow. In NR, the maximum length of ra-ResponseWindow is 10ms. It should be possible to configure a ra-ResponseWindow larger than 10ms in NR-U.

The transmission opportunities can also be increased in frequency domain by configuring a list of coresets for RAR reception. GNB can perform LBT on multiple sub-bands (corresponding to different coresets) and transmit RAR in coreset where channel is available. In ra-ResponseWindow UE monitors for RAR in multiple coresets signaled by gNB. According to TR [1], LBT can be performed in units of 20 MHz. So each of these coresets for RAR transmission/reception can have a BW of 20 MHz.

Proposal 1: In unlicensed spectrum, ra-ResponseWindow size larger than 10ms should be supported.
Proposal 2: In unlicensed spectrum, additional opportunities for RAR reception in frequency domain should also be supported.

In NR RA-RNTI is unique within a radio frame. The ra-ResponseWindow larger than 10ms would lead to RA-RNTI ambiguity as shown in Figure 2. If PRACH is transmitted using same RA preamble in PRACH Occasion X and PRACH Occasion Y by  UE 1 and UE 2 respectively, RAR received in common slots between RAR window X and RAR window Y cannot be distinguished as RA-RNTI is same for PRACH Occasion X and PRACH Occasion Y.

[image: image2.emf]RO 

X

RO

Y

RAR Window X (15ms)

RAR Window Y (15ms)

Radio frame Radio frame Radio frame

If PRACH is transmitted using same RA preamble in RO X and RO Y by  UE 1 and UE 2, RAR can not 

be distinguished as RA-RNTI is same for RO X and RO Y


Figure 2

The abovementioned problem of RA-RNTI ambiguity can be resolved by simple enhancement to RA-RNTI formula by including the information about the radio frame in which PRACH occasion starts in RA-RNTI calculation as shown below.
· RA-RNTI= 1 + s_id + 14*t_id + 14*80*f_id + 14*80*8*ul_carrier_id + 14*80*8*2*frame_id 
      where,

· frame_id = SFN mod frame_id_max

· frame_id_max = Max RAR monitoring duration in radio frames

· SFN Id is SFN of radio frame in which PRACH ocassion starts;

Proposal 3: Update to RA-RNTI calculation should be considered to support ra-ResponseWindow size larger than 10ms. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: In unlicensed spectrum, ra-ResponseWindow size larger than 10ms should be supported.
Proposal 2: In unlicensed spectrum, additional opportunities for RAR reception in frequency domain should also be supported.

Proposal 3: Update to RA-RNTI calculation should be considered to support ra-ResponseWindow size larger than 10ms. 
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