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1. Introduction
This contribution addresses the Non Synchronized Random Access (NSRA) procedure for E-UTRA.
2. Overview
We recall below the generic procedure used as working assumption in RAN WG2 [1]:

1. One or more UEs transmit random-access preambles on the RA channel.

2. The eNB responds with Timing Alignment (TA), UL scheduling grant and possibly a C-RNTI assignment. The response is directed/sent to an address/identity associated with the detected preamble, henceforth referred to as RA_ID. The RA_ID may or may not have the form of a C-RNTI.

3. The UE transmits a L2 or L3 message on the granted UL resource. The message indicates the identity (distinct from the RA_ID) of the UE (UE_ID).

4. To resolve contention the eNB transmits a message indicating the identity (UE_ID) of the UE for which the eNB successfully decoded message 3. The contention resolution message is sent to the UEs which listen to the RA_ID.
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Figure 1: Non-synchronized random-access procedure considered for E-UTRAN.
This generic procedure is used as a reference in the following sub-sections which address the associated physical layer details.

3. NSRA constant parameters

We list in this Section the constant parameters of the NSRA.

1. Number of signature opportunities per NSRA time-frequency slot is constant and equals 64 [2].
2. One NSRA time-frequency slot occupies 6 resource blocks (RB) or 1.08 MHz [3].
We also assume the following parameters are standardized (not configurable):
3. Number of different NSRA slot formats required to address the range of cells specified in [4].

4. Cyclic prefix (CP), preamble and guard time (GT) durations of each NSRA slot format. 
5. Zadoff-Chu (ZC) sequence length for the long (potentially repeated) sequence preamble: 863 [8]
6. ZC sequence length for the short repeated sequence preamble: 431 [9]
7. Size of message 3 for each NSRA cause/type
4. NSRA configurability by the Node B

We propose the following parameter list the UE needs to read on the BCH before a NSRA attempt:

1 Barred access classes: UE’s which Access Classes are barred cannot perform an initial access, other access causes are allowed

2 NSRA time slot format (or combination of, see [9]) to be used (out of those specified for LTE) in that cell
3 Time-frequency location of NSRA time-frequency slots: one NSRA slot per 5 MHz and 15-20 ms could be a typical setting.
4 Number of root ZC sequences and sequence indexes [2]
5 Cyclic shift value

6 For each NSRA access cause/type:

6.1 Allocated signature opportunity indexes

6.2 Signature set partitioning between random ID and CQI/pathloss
6.3 Back-off period and number of retries (Preamble Retrans Max) before back-off or abandon

7 Target Ep/N0 for preamble transmission
8 Target Es/N0 for transmission of message 3
9 UL interference, Node B Tx power
10 Power increment for power ramping: P0 = Power Ramp Step [dB]
5. Preamble transmission

5.1. Mapping of signature opportunities onto CS-ZC sequences
Given the NSRA time slot format (and resulting ZC sequence length), the ZC sequence index list, and cyclic shift value read from BCH, the signature opportunity indexes are mapped onto the cyclic shifted ZC sequences as follows (Figure 2): signature #1 is mapped onto the first ZC sequence in the list; signature sequence #2 is mapped onto the same ZC sequence, right-cyclic-shifted by the cyclic shift value; subsequent signatures #3 to n are similarly incrementally mapped onto subsequent right-cyclic-shifted versions of the same ZC sequence until all possible n cyclic shifts have been obtained. Then, signature #n+1 is mapped onto the next ZC sequence in the list, and the following signatures are mapped onto its subsequent right-cyclic-shifted versions. This signature mapping is repeated over all ZC sequences and stops when 64 sequences were generated. As illustrated in Figure 2, configuring specifically the cyclic shift value with respect to the cell size yields a non-uniform distribution of the signatures across all ZC sequences, since the last sequence is not necessarily full. This provides the benefit of minimizing the probability that this sequence is selected and therefore reduces the overall probability that different ZC sequences are selected by different UEs. Note the smaller the required number of ZC root sequences, the larger the benefit.
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Figure 2: Mapping of signature opportunity onto physical CS-ZC sequence
5.2. Signature selection

The NSRA is expected to be used in different use cases, or causes: initial access, inter Node B handover, synchronization maintenance, resource request. However, the cause/type parameter is used to differentiate the NSRA attempts leading to different

· size and location of UL grant for message 2 (also relates to priority)

· procedure, e.g. different RNTI type transmitted in message 2

· randomness requirement (also relates to priority, e.g. initial access of non-emergency calls can afford more collisions than emergency calls or resource requests)

Although the definition and number of different access causes/types belongs to RAN WG2, an example is shown below:

1. Inter NodeB handover
2. UL synchronization maintenance (TA request)
3. UL resource request from non UL synchronized UE
4. state transition to RRC_CONNECTED high priority (including e.g. emergency calls)
5. state transition to RRC_CONNECTED normal priority or Micro Data transfer: Includes regular initial access, tracking area updates and other small single instance data transfers

The available signatures for a UE attempting a NSRA in the context of one of the above causes are those configured in that cell for that cause. In case a CQI/pathloss value is configured to be transmitted with that cause, the available signature set is further divided into subsets, each subset coding a DL CQI/pathloss value. Whether this parameter actually codes CQI or pathloss is FFS: the DL CQI is dependent on the performance of the UE receiver (e.g. number of Rx antennas) and allows the Node B setting the power of message 2 accordingly, but cannot reliably be used to derive the UL radio conditions of the UE. On the other hand, the pathloss is not as accurate as the DL CQI for adjusting the power of message 2 but can also be used to adjust the UL grant for message 3, e.g. the number of allocated RB’s.
The UE randomly selects a signature in the subset corresponding to its cause and CQI/pathloss values. Note in the case where multiple NSRA frequency slots are scheduled simultaneously (e.g. spectrum allocations larger than 5 MHz), the UE also selects randomly the frequency slot.
5.3. Power setting

Open loop power control is used for the NSRA preamble: the UE computes the preamble power PNSRA from the target Ep/N0, UL interference level (both read on the BCH), and the pathloss estimated from the signal strength measurement of the DL pilot, given the Tx power of the Node B (BCH) [10].
5.4. NSRA time slot selection

In cells where UE’s are not expected to exceed the upper bound of the speed range tolerated by the baseline structure [8] (typically 120-150 km/h), only one NSRA slot structure is used and all UE’s can access all NSRA slots. In cells where UE’s are expected to exceed the upper bound of the speed range tolerated by the baseline structure, an alternate structure is added [9], time multiplexed with the baseline structure: the Node B schedules subsequently the baseline and alternate structures, one after each other. As in regular cells, low speed UE’s can access all NSRA slots. High speed UE’s can only access the NSRA slots where the alternate structure is scheduled. Each UE estimates its speed based on correlation measurements performed on the DL pilot broadcasted by the NodeB. Note this only needs to be a rough estimation since the UE needs to choose among 2 options only: speed < Vmax or speed > Vmax
For the first NSRA attempt, the UE initialize its “Preamble Retransmission Counter” to “Preamble Retrans Max” and sends the preamble in the next allowed NSRA time slot. For following NSRA attempts, the UE shall implement the procedure described in Section 6.3.
6. Message 2

6.1. Content
When a NodeB detects a NSRA preamble, its response includes timing advance information along with one or multiple UL allocations. As mentioned above, how many and how soon these allocations need to be provided may depend on the actual preamble detected. Besides scheduling grant(s) and TA information, additional feedback by the NodeB might be useful, especially when anomalies are observed in the NSRA slots. We propose to also include the following as possible responses under various situations [5].

1. Signature/frequency/time slot index of the received preamble, referred to as referred to as RA_ID [1]: this is mandatory for the UE to identify the response is for him.
2. Timing advance (TA): allows the UE entering the UL synchronization state [6].
3. UL resource grant(s): all NSRA causes call for some following UL resource grant, at least for the purpose of contention resolution. Some NSRA causes, such as handover [7], may lead to multiple UL allocations. Frequency dependent scheduling is used for message 3 allocation: the NodeB allocates message 3 RB’s based on the UL CQI estimated from the preamble. Therefore the UL resource grants are chosen among the 6 RB’s occupied by the preamble. 
4. NACK-coll: In certain cases, different UEs transmitting the same preamble in the same slot can be detected because of the time difference between them. This detection is made possible as soon as the round-trip delay exceeds say twice the delay spread, i.e. for all cell radii greater than ~1.5 km. In such cases, it is more efficient for the eNB to prevent the propagation of such a collision to the initial UL allocations and onwards. This may be accomplished simply by sending a NACK-coll indication, allowing involved UE’s to re-initiate the NSRA process earlier than with the baseline contention resolution method depicted in Figure 1. As a result, such a NACK-coll mechanism helps in keeping latencies and overhead low. Note also that the UE’s do not need to implement the power ramping procedure after a NACK-coll, since their initial power was sufficient to be detected.
5. NACK-load: a NACK-load response can be complementary to the Access Class Barring scheme, which is restricted to the initial access cause. Such response may be more related to physical layer aspects, and would, e.g. restrict the NSRA access to some additional causes (e.g. synchronization maintenance) depending on the processing load of the NodeB. A UE that receives a NACK-load from a Node B can attempt NSRA in neighbouring NodeBs (e.g. in case of early RACH access for handover) or should retry after a significantly long time compared to usual retries.
6. C-RNTI: in case the cause is initial access, a C-RNTI can be allocated to the UE.
It should be noted that either TA or UL grant can be used as ACK: A common aspect of a successful detection of an NSRA preamble is that both timing advance and UL grant information relevant to the access are sent on the DL.
6.2. Physical aspects

The mapping of the NSRA response on to physical channels is heavily dependent on the L1/L2 control signaling definition occurring in parallel of the Random Access discussions. We propose the following main points:
1. The UL grant(s) is (are) carried on the L1/L2 DL control channels, in the same way as these control channels carry other UL grants for UL synchronized UE’s. The only difference is the UE ID: NSRA response uses the RA_ID [1] whereas UL grants for UL synchronized UE’s use the UE’s C-RNTI or reduced ID as proposed in [6]. A subset of these could be reserved for RA_ID’s.
2. TA, NACK and C-RNTI can be sent on the SCH. Such transmission can be either signalled as a DL grant in a similar way as is signalled the UL grant, or could be pre-allocated after every NSRA slot in a static or semi-static manner.

3. Responses to multiple NSRA preambles detected in the same NSRA time slot can partly share the same physical channel (e.g. UL grants). The remaining part would use a dedicated channel per UE, signalled with a dedicated DL grant.
4. The power of message 2 is adjusted based on the CQI/pathloss information conveyed on the preamble, if available for the cause/type of interest. In case of responses to multiple UE’s, the shared DL physical channel mentioned above is further split, if needed, to group UE’s responses with same or similar CQI/pathloss.
5. Message 2 can be sent asynchronous with respect to the NSRA: the UE expects the answer to occur within a time window, after which, it considers the NSRA attempt as unsuccessful. This allows prioritizing some UE’s depending e.g. on their causes.
6.3. UE behaviour upon message 2 reception/no reception
6.3.1. No reception

A similar procedure to UMTS is foreseen:
If no ACK or NACK corresponding to the UE’s RA_ID is detected in the downlink within the response time window following the NSRA attempt:

1. Select the next allowed access slot as in Section 5.2.

2. Randomly select a new signature from the set of available random signatures (Section 5.2). The random function shall be such that each of the allowed selections is chosen with equal probability.
3. Increase the Commanded Preamble Power by P0 = Power Ramp Step [dB]. If the Commanded Preamble Power exceeds the maximum allowed power by 6dB, the UE may pass L1 status ("No ack following NSRA") to the higher layers (MAC) and exit the physical random access procedure
4. Decrease the Preamble Retransmission Counter by one.
5. If the Preamble Retransmission Counter > 0 then transmit the preamble in the NSRA time slot selected in step 1. Otherwise pass L1 status ("No ack following NSRA ") to the higher layers (MAC) and exit the physical random access procedure
6.3.2. NACK-coll reception
In case a NACK-coll is received in message 2, then a back-off procedure may be implemented with different back-off delays depending on the NSRA use case. The back-off is implemented in higher layers (MAC). As a result, upon a NACK-coll reception, the physical layer shall pass L1 status ("Nack-coll following NSRA ") to the higher layers (MAC) and exit the physical random access procedure.
6.3.3. NACK-load reception

In case a NACK-load is received in message 2, then the physical layer shall pass L1 status ("Nack-load following NSRA ") to the higher layers (MAC) and exit the physical random access procedure.
6.3.4. ACK reception
As mentioned in Section 6.1, the successful reception of both TA and UL grant is considered as an ACK. In that case, the physical layer shall:

1. pass L1 status ("Ack following NSRA ") to the higher layers (MAC);
2. if the NSRA cause = initial access then pass the C-RNTI allocated by message 2 to the higher layers (MAC);

3. adjust the UL transmission time with respected to the TA: τnew = τold + TA;

4. send message 3 on the SCH in the allocated RB(s) and TTI(s)
5. pass L1 status ("NSRA message 3 transmitted") to the higher layers (MAC);
7. Message 3

The UE transmits a L2 or L3 message on the granted UL resource. The message indicates the identity (distinct from the RA_ID) of the UE (UE_ID). From a layer 1 perspective it looks like any other transmission on the UL SCH and no particular NSRA-specific constraint is foreseen except:

1. HARQ should be used, but with a reduced number of retransmissions (e.g. 2) compared to regular data channels, thus minimizing the contention resolution latency in case of collisions.
2. The transmission power of message 3 is set according to an open-loop power control algorithm using the “target Es/N0 for transmission of message 3” read on the BCH.
8. Conclusion

Based on the current working assumption of RAN WG2 for the NSRA procedure, this contribution defines the associated physical layer procedure.
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