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1. Introduction
According to the RAN2 proceedings report from the last meeting [1], the Non-Synchronized Random Access (NSRA) preamble is assumed to contain only the random ID by default. It was also mentioned that the group needs to consider the benefits of any additional fields. In the part 1 of this contribution, we present the benefits of including a compound access cause/type field in the NSRA preamble. We also consider the possibility of including additional CQI/Pathloss fields.
In [2], a number of responses from the eNB on receiving an NSRA attempt are identified. In part 2 of this contribution, we also propose a few more possible responses and the benefits of incorporating them. Specifically different types of NACKs are proposed.
2. Access type field in Non-Synchronized RACH
In [3], we proposed that besides the random ID, a compound field of ‘access type’ be part of the NSRA preamble. However, given that the first priority in RACH is to reduce the collision probability, any additional field to be included in NSRA should not reduce the randomness required to keep the collision probabilities low. We assume that the 64 available signatures on the NSRA preamble are sufficient for both randomness purpose and to carry as a minimum the access cause/type as proposed in [3] [5]. This justifies the flexible approach proposed in [3] where the random ID, cause/type and potentially CQI/path loss information are semi-statically mapped onto the 64 available signatures on the NSRA preamble.
Given that some bits may be available besides the random ID in the NSRA preamble, we need to consider the advantages of the specific fields to be carried. We propose that depending on the availability of bits ‘Access type’ and then possibly ‘CQI/Pathloss’ be carried in the NSRA preamble.
Access type
Several fields such as the access cause, access priority, and the allocation size of the scheduling request are similar in their function. All these fields associate either one or more of the following with them: latency requirements on UL allocation request, allocation size requirement on the UL scheduling request, or how the eNB processes the RACH request in general. Thus, a single field can be used to associate a number of operating procedures with respect to a RACH access. The operating procedures may be very general. As an example – the size of allocation, the deadline before which the allocation must be achieved, the number of allocations to be granted, the priority order if multiple RACH requests are received, and the possibility of rejected request or not. Thus, we propose a single field to include the functions of access cause, priority, and scheduling request allocation size and the number of allocations. We call this field the ‘Access Type’.
Benefits of the Access type field
 
Having the Access type carried on the preamble provides the following benefits:
1. Size of UL resource request: It can play the role of the size of UL resource request, assuming a one-to-one mapping between the RA cause and the resource needs for the first UL scheduled transmission.
2. Access priority: A given Random access cause can be split to reflect different priority levels.

3. Access response time constraints: It allows addressing the different response time needs of different NSRA causes.
4. Initial access restriction in emergencies/disasters: It allows to control initial access restrictions at the physical layer, in case e.g. of disasters, e.g. earthquakes. This would improve the current ‘blind’ Access Class Barring (ACB) method used in UMTS that prevents the network to know whether accesses are actually blocked or not [7]. All the collisions in preambles happen only in the specific access type and other access types such as certain high priority accesses are protected from the high loads.
5. Fast and efficient load balancing: It enables a fast and efficient load balancing execution method at the physical layer: the NodeB accepts or not UEs during the Random Access procedure based on acceptance criteria pre-defined by the RRM (Radio Resource Manager) for the different use cases of the Random Access procedure. Having the Random Access type available in the preamble allows the NodeB to make a fast selection decision and to implement finer granularity criterions depending on the Random Access cause (e.g. the selection criterion might be less severe for handover procedure than for an initial access procedure).
6. NSRA procedure efficiency: by knowing the number, size, and other characteristics that the UL allocation needs to have, the eNB can efficiently provide UL resources to the UE using NSRA. In some use cases a UE may not need any resources but only timing advance information (the TA only use case in [3]) , while in other cases, the UE might be able to use 3 different allocations (the early access handover use case in [6]). Without an access cause field, a default allocation with default characteristics would be provided. Additional allocations may need to be requested in the default allocation explicitly. Also, if the allocation was not required, it is a wasted resource. In the NSRA process knowledge implies efficiency.
Given all the above benefits of using the ‘Access Type’ field, and given that much less than 64 random signatures may be sufficient for low collision probability, we propose that a variable length access type field be carried in the NSRA preamble. This is accomplished by splitting the 64 available preambles into different sets as mentioned in [3]. We propose that at least the following access types be considered. The list includes an example number of signatures in each set, for a total of 64 signatures. The size of access type field here is log 5 base 2 (about 2.32 bits).
1. Handover: 24 signatures (this may be split into two types if required)
2. TA maintenance without UL allocation request: 16 signatures

3. Out of Sync recovery with UL allocation request: 12 signatures

4. RRC_IDLE to RRC_CONNECTED high priority (including e.g. emergency calls): 8 signatures

5. RRC_IDLE to RRC_CONNECTED normal priority or Micro Data transfer: Includes tracking area updates and other small single instance data transfers: 4 signatures

In the above list, the number of signatures in each set represents the number of random signatures allocated for each access type. The above allocation is based on our expectation of load in each access type.
Motivation for CQI/Pathloss
In the above classification of signatures into sets based on access types, we observe that the number of signatures available is still larger than what is required to keep the collision probability low. Thus, the sets may be further subdivided to include a small amount of other information that might be useful. Given the above proposed access types, we understand that different information may be useful for different access types. For some access types, no additional information may be carried, while for others upto 2 bits of other information may be carried. For such extra information, we propose that CQI or Pathloss be carried whenever possible. Reference [3] provides a description of how CQI/Pathloss information be carried by sub-dividing the above sets. The main reason for CQI/Pathloss is the channel efficiency that it makes possible.
3. Additional proposed responses by eNB to Non-Synchronized RACH access
When an eNB detects a NSRA preamble, its response may include timing advance information along with one or multiple UL allocations. As discussed above, how many and how soon these allocations need to be provided may depend on the actual preamble detected. Besides allocations and TA information, additional feedback by the eNB 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.
1. Timing advance as ACK: A common aspect of a successful detection of an NSRA preamble is that the timing advance information relevant to the access is sent on the DL. This can easily serve as the ACK for the successful detection. 
2. 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. 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. In the DL this identifies the preamble and the slot and indicates the UEs involved to re-initiate the NSRA process. By causing the UEs to re-initiate the NSRA early, such a NACK mechanism helps in keeping latencies and overhead low. 
3. NACK-low: In some cases, transmissions may be detected in a slot, but the preamble signal to noise power ratio is lower than a pre-configured threshold. In this case the eNB sends a NACK-low to the UE who will retry with a higher power (if possible). This threshold plays a similar role as the RACH threshold in UMTS, which is a Node B Application Part (NBAP) parameter, passed by the RNC to the Node B to monitor the RACH channel throughput based on system-and-cell specific network working parameters [8].
4. NACK-loaded: In situations such as disasters and emergencies, networks become overloaded and become inoperable due to the frequent attempts by UEs to get network access. In such situations, as [7] mentions, it is desirable for UEs to know that the network is overloaded, and that they should retry after a significantly long time compared to usual retries. A NACK-loaded indication achieves this in a simple manner. In overloaded situations, collisions are common. In the absence of such a NACK, all the UEs would assume that the initial UL allocation is for them, and initiate the normal initial access procedures leading to collision resolution process and further waste in capacity. In addition, unlike the current ACB method, it allows the eNB to monitor the number of blocked accesses. This NACK is also useful in non-emergency situations for load balancing among eNBs. A UE that receives a NACK-loaded from an eNB can attempt NSRA in neighboring eNBs that are possibly not loaded.
4. Conclusion

In this contribution, we proposed the following:

1. ‘Access type’ should be included as a field in the Non-Synchronized RACH preamble
2. The number of bits used by the access type field may be made dynamic as well as configurable

3. A number of ‘NACK’ types should be provided as responses to successful NSRA preamble detection.

We propose to discuss the proposals in this contribution and to capture the agreeable parts in the appropriate LTE standard documentation.
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