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1 Introduction

RAN#71 in March approved a NR SID [1]. An initial aspect of this SID is for RAN2 to study/agree on the radio protocol architecture and procedures. Random Access procedure is an important radio protocol procedure.  In this contribution we want to make a start with this discussion by identifying whether we can reuse the LTE random access procedure in NR and if not, then what aspects needs to be improved.
2 Discussion
2.1 Random Access Procedure in LTE
In LTE [2] random access (RA) procedure is used to achieve uplink time synchronization. RA procedure is used in LTE during initial access, handover, RRC connection re-establishment procedure, positioning purpose, scheduling request transmission, SCG addition/modification and data or control information transmission in uplink by non –synchronized UE in RRC CONNECTED state.
In LTE two types of RA procedure are defined: contention-based and contention-free.

Contention-based RA (CBRA) Procedure (Figure 1)
1. RA Preamble Transmission: UE selects one of the available 64-Ncf contention based RA preambles. Ncf is the number of RA preambles reserved for contention free access. The contention based RA preambles can be optionally partitioned into two groups. If two groups are configured, UE selects the group based on size of message 3 it can transmit. The initial RA preamble transmission power is set based on open loop estimation after compensating for path loss.
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Figure 1                                                                                  Figure 2
2. RA Response (RAR): eNB transmits the RAR on PDSCH addressed to RA-RNTI. RA-RNTI identifies the time-frequency slot in which RA preamble was detected by eNB. RAR conveys RA preamble identifier, Timing alignment information, Temporary C-RNTI and UL grant for message 3. RAR may also include back off indicator to instruct UE to back off for period of time before retrying RA attempt. RAR is transmitted in RAR window. As shown in Figure 3, RAR window starts at subframe ‘x+3’ for RA preamble transmitted in subframe ‘x’. RAR window size is configurable. 
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Figure 3
3. Scheduled UL Transmission on UL SCH: It is used to transmit message such as RRC Connection Request, RRC Connection Re-establishment request, RRC handover confirm, scheduling request, etc. It also includes the UE identity (i.e. C-RNTI or S-TMSI or a random number).  HARQ is used for this transmission. This is commonly referred as MSG3.
4. Contention Resolution Message: It uses HARQ and is addressed to C-RNTI (if included in message 3) or temporary C-RNTI (UE identity included in message 3 is included this case). On successful decoding of this message, HARQ feedback is only sent by UE which detects it own UE ID (or C-RNTI). 

Contention-free RA (CFRA) Procedure (Figure 2)

Contention free RA procedure is used for scenarios such as handover where low latency is required, timing advance establishment for Scell, etc. 
1. ENB assigns to UE non-contention RA preamble in dedicated signalling. 
2. UE transmits the assigned non-contention RA preamble. 
3. ENB transmits the RAR on PDSCH addressed to RA-RNTI. RAR conveys RA preamble identifier and Timing alignment information. RAR may also include UL grant. RAR is transmitted in RAR window similar to contention based RA procedure. Contention free RA procedure terminates after receiving the RAR.

2.2 RA Procedure in NR
In NR CBRA procedure is needed at least for initial access. During initial access dedicated RA preamble assignment is not possible. In addition to CBRA procedure, CFRA should also be supported for scenarios such as handover, scheduling request transmission, etc, where low latency is required. 
Referring to Figure 3 if preamble is transmitted in subframe ‘X’ then RAR is received at the earliest in X+4 with UL grant. MSG3 is transmitted at X+4+6 and ideally MSG4 is received at X+4+6+4 at the earliest. Since transmission of MSG3 is scheduled in UL grant the best case CBRA latency in LTE when the UE transit from IDLE to CONN is 10 ms. According to RAN TR [3] the control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). The target for control plane latency should be 10ms. Assuming the TTI in NR would be much smaller than 1 ms we can assume the CBRA procedure depicted in FIG 1 is not a bottleneck to meet the control plane latency requirement in NR.
Observation#1: Control plane latency requirement target of 10 ms can be achieved in NR if CBRA is performed by UE to transit from power efficient state to active state for continuous data transmission.
So, both CBRA and CFRA procedures should be supported in NR. At high level, CBRA and CFRA procedures in NR can have similar steps as shown in Figure 1 and Figure 2 respectively. 
Proposal 1: Both contention-based and contention-free RA procedure should be supported in NR.

Proposal 2: In NR, contention-based and contention-free RA procedure follows the steps illustrated in Figure 1 and Figure 2 respectively.

2.2.1 RA Procedure in NR- General Aspects
NR is expected to address the following use cases: eMBB, mMTC and URLLC. For mMTC, CBRA procedure can be considered as baseline since latency is not an issue. CBRA with the possibility to support coverage extension (CE) by configuring CE level specific preamble groups, PRACH configuration, RAR window and mac-contention resolution timer can be supported similar to eMTC and NB-IoT.
Observation#2: CBRA principles for mMTC can be based on enhancements applied for coverage extension similar to eMTC and NB-IoT.
According to NR SID [1], NR will consider frequency ranges up to 100GHz. However this is applicable for eMBB use case whereas mMTC and URLLC is expected to be mainly addressed with low frequency. At higher frequencies, beamforming is essential to compensate for path loss. One transmission beam cannot provide the full cell coverage. Multiple transmission beams are needed at both UE and eNB [2]. UE and eNB may also receive beamformed transmission from eNB and UE respectively using receive beamforming. Random access procedure may incur more time considering TX/RX beamforming compared to system where beamforming is not applied. It should be carefully studied how control plane latency can be still achieved in system applying TX/RX beamforming. These aspects are presented in Section 2.2.2. 

As argued in [4], RAN2 should strive to design to have commonality in random access procedure regardless of the use case. However there can be enhancements in detailed steps depending on whether the use case is mMTC or for eMBB in higher frequency TX/RX beamforming is applied.
Proposal 3: RAN2 should strive for a high level common random access procedure and apply enhancement depending on the use case.
2.2.2 RA Procedure in NR- Beamforming Aspects

As discussed earlier, CBRA procedure in NR consists of four steps as illustrated in Figure 1. At higher frequency, beamforming is necessary to compensate for high path loss [2]. UE/eNB needs to transmit/receive RA preamble & MSG3 using beamforming. ENB/UE needs to transmit/receive RAR & MSG4 using beamforming. UE and eNB may support multiple TX/RX beams where each TX/RX beam covers a specific coverage area. If the beamforming is simply applied to each step in RA procedure the resulting RA procedure will look as shown in Figure 4. 

At step 1, UE transmits RA preamble using all its TX beams, where each TX beam transmission is repeated for each RX beam of eNB. 

At step 2, eNB transmits RAR using all TX beams, where each TX beam transmission is repeated for each RX beam of UE. 
At step 3, UE transmits MSG3 using all TX beams, where MSG3 is transmitted once from each TX beam. ENB receives MSG3 using best UL RX beam where best UL RX beam is the RX beam which was used to successfully receive RA preamble in step1.

At step 4, eNB transmits MSG4 using all TX beams, where MSG4 is transmitted once from each TX beam. UE receives MSG4 using best DL RX beam where best DL RX beam is the RX beam which was used to successfully receive RAR in step2.
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Figure 4
Applying beamforming to each step of RA procedure leads to significant:
1. Delay in completing the four steps of RA procedure because of TX/RX beam sweeping.

2. Wastage of resources as MSG3/MSG4 needs to be transmitted from each TX beam of UE and eNB respectively.

3. Power consumption in UE/eNB because of transmissions using multiple TX beams.
The above mentioned issues can be overcome if the number of TX/RX beams used in each step of RA procedure can be minimized (if possible, one TX/RX beam at each step).
Observation#3: RA procedure in a beamformed system can lead to increased delay, wastage of resources and power consumption. Increased delay may have an impact on meeting the control plane latency requirement in NR using TX/RX beamforming. 
Proposal 4: RAN2 should study mechanisms to minimize the impact in terms of delay due to TX/RX beamforming while performing RA procedure. 

Some of the potential enhancements to overcome the above mentioned issues are discussed below.

Enhancement 1: In case of beamformed system, eNB may periodically broadcast synchronization signals (e.g. PSS/SSS) and broadcast channel (e.g. PBCH) using beamforming. ENB may also periodically broadcast reference signals using beamforming. Before initiating the RA procedure UE at least has to acquire these beamformed signals for DL synchronization. 
As part of DL synchronization UE can know the best DL RX beam for receiving the beamformed DL transmissions. In step 2 of RA procedure UE can receive RAR using best DL RX beam instead of RX sweeping. ENB does not have to repeat the RAR transmission for each RX beam of UE. ENB transmits RAR using all TX beams, where RAR is transmitted once from each TX beam. 

Enhancement 2: In step 1 of RA procedure, UE transmits RA preamble using all its TX beams. Each TX beam transmission is repeated for each RX beam of eNB. When eNB detects RA preamble, it can inform the UE about the time & frequency info of detected preamble in RAR in addition to RAPID. 

UE can use this information to determine the best UL TX beam. Best UL TX beam is the TX beam used by UE to transmit RA preamble identified by RAPID in the time & frequency info received in RAR. In step 3, UE can use this TX beam to transmit MSG3 instead of TX sweeping.  

Enhancement 3A: Similar to determining the best DL RX beam based on broadcasted beamformed DL signals (e.g. PSS/SSS/PBCH/BRS), UE can also determine the best DL TX beam. UE can feedback the best DL TX beam to eNB in MSG3. As a result, eNB does not have to transmit MSG4 using multiple TX beams. ENB can transmit MSG 4 using the best DL TX beam reported by UE in MSG3. 

The modified RA procedure based on enhancement 1, 2 & 3A is illustrated in Figure 5. 
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Figure 5
Enhancement 3B: TX beam sweeping for RAR transmission can also be reduced if best DL TX beam ID can be feed backed during RA preamble transmission instead of MSG3. The modified RA procedure based on enhancement 1, 2 & 3B is illustrated in Figure 6. This enhancement requires mapping between RA preamble(s) and DL TX beam ID or RA resource (time/frequency) and DL TX beam ID. 
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Figure 6
Enhancement 4: In case of TDD system DL and UL channel can be reciprocal. Channel reciprocity can be used to simplify the RA procedure in beamformed TDD system. Simplified RA procedure considering channel reciprocity is shown in Figure 7.
As discussed earlier UE can determine the best DL RX beam based on broadcasted beamformed DL signals (e.g. PSS/SSS/PBCH/BRS). UE then uses TX beam having same coverage as the best RX beam for transmission of RA preamble and MSG3. UE can transmit RA preamble using TX beam once or multiple times (one for each RX beam of eNB).
UE uses the best DL RX beam for reception of RAR and MSG4. ENB transmits RAR and MSG4 using the TX beam having same coverage as the UL RX beam through which RA preamble was detected. ENB receives MSG3 using the UL RX beam through which RA preamble was detected.
This approach is even better than RA procedure illustrated in Figure 6 as there is no TX beam sweeping for RA preamble transmission. Also there is no need of any beam feedback.
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Figure 7
Proposal 5: RAN2 should discuss the proposed latency reduction enhancements for RA procedure in beamformed system. 

3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1: Both contention-based and contention-free RA procedure should be supported in NR.

Proposal 2: In NR, contention-based and contention-free RA procedure follows the steps illustrated in Figure 1 and Figure 2 respectively.
Observation#1: Control plane latency requirement target of 10 ms can be achieved in NR if CBRA is performed by UE to transit from power efficient state to active state for continuous data transmission.

Observation#2: CBRA principles for mMTC can be based on enhancements applied for coverage extension similar to eMTC and NB-IoT.

Observation#3: RA procedure in a beamformed system can lead to increased delay, wastage of resources and power consumption Increased delay may have an impact on meeting the control plane latency requirement in NR using TX/RX beamforming.
Proposal 3: RAN2 should strive for a high level common random access procedure and apply enhancement depending on the use case.

Proposal 4: RAN2 should study mechanisms to minimize the impact in terms of delay due to TX/RX beamforming while performing RA procedure. 

Proposal 5: RAN2 should discuss the proposed latency reduction enhancements for RA procedure in beamformed system. 
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5 Annex: Text Proposal for TR
X. Random Access Procedure in NR
Both contention-based and contention-free RA procedures are supported in NR. Contention-based and contention-free RA procedure follows the steps illustrated in Figure x.1 and Figure x.2 respectively. Beamforming aspects of RA procedure are FFS.
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Figure x.1
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Figure x.2
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