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1. Introduction
RAN2 has recently defined the non-synchronized RACH process into a more mature specification [1]. The information content of message 1 is however still undefined. References [2] and [3] discuss about the possible information that can be contained in message 1 in the RACH process. There have been concerns that any information content in message 1 reduces randomness, and still may not provide significant benefits. It is also agreed in RAN2 that there will be a single RACH process for all cases. In reference [4], we have addressed the randomness issue in RACH in significant detail. In this contribution, we present a simple method for information carriage in message 1, and the related procedure. The proposed method distinguishes between urgent and non-urgent accesses, and provides RACH resource provisioning gains. The method also provides capacity and latency gains in terms of optimal message 2 and 3 formats and negligible signaling overhead. 
The rest of this contribution is organized as follows. In section 2, we briefly discuss the two high level ways of carrying information in message1. We also discuss the benefits of unfair splitting of RACH resources in favor of urgent accesses. In section 3, we discuss the benefits of variable message 3 size for urgent RACH accesses. In section 4, we describe how C-RNTI allocation in message 2 can be made only for non-urgent causes. Section 5 describes the overall method, and we conclude in section 6.
2. Cause splitting and Randomness in RACH

There are two main ways to carry information in message 1. The first and the simplest method is to allocate a few bits in the random access preamble to any information. It may be safely assumed that such an allocation causes reduction in the randomness available in the RACH. 
The other method for carrying information in RACH preambles is for the eNB to split the signature space into subsets based on access causes. If such a sub-division is done in proportion to the respective loads of various causes (fair partitioning), there is no reduction in randomness experienced in the RACH. This is of course under the assumption that the load is Poisson. In realistic scenarios, there will be a minor loss because of quantization (we cannot allocate fractional signatures for a cause), and possibly due to mis-interpretation of relative loads. Figure 1 plots the collision probability per UE (using eq 2 from [5]), and presents results on possible loss in randomness experienced due to quantization. We observe that quantization in fair partitioning does not cause any significant loss in randomness available in the RACH process 
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Figure 1: Loss in randomness due to quantization in fair splitting
Reference [5] discusses operating at 0.5% collision probability, and suggests that the RACH preamble can support reducing the random ID size by 1 bit However, it is shown in [4] that we may be over-provisioning if we aim to operate at 0.5% collision probability, and we are able to meet LTE latency requirements even with as high collision probabilities as 4%. This saves RACH channel overhead in the process.
Benefits of unfair splitting of resources
Having observed that there is sufficient randomness in the RACH channel and that cause based splitting of resources does not reduce it more than marginally, let us look at the benefits of cause based splitting. Consider an example of splitting into 2 subsets – urgent, and non-urgent causes. Such split between the various possible RACH use-cases was already proposed in Table 1 of [3]. If the splitting of resources (signatures) is made in proportion to the load fractions, we know that randomness experienced by either causes does not change compared to the randomness experienced if there was no splitting: this is “fair partitioning”. However, if we split the resources such that the urgent causes are allocated more resources at the expense of the non-urgent causes, we see a corresponding effect on performance. The latency performance for the urgent cause may be improved at the expense of the non-urgent cause.
In order to further understand the benefits under splitting, let us consider an example of 2 cases in which the overall RACH load on the system remains the same.

· Case 1: No splitting: 
Assume that the RACH channel is operating at a steady state 0.5% collision probability rate. All RACH access causes including the urgent ones are experiencing the same level of latency performance, and we get a certain RACH overhead. Considering 86 accesses per second load as in [5] and using 64 signatures and a system bandwidth of 10Mhz, the load on RACH is 3.36% [4]. 
· Case 2: Unfair splitting into urgent and non-urgent causes: 
In this case, we allocate more signatures to the subset of urgent causes than in the case when the allocation is proportional to the load. This unfair allocation reduces randomness from the non-urgent causes, and provides more randomness to the urgent cause. This implies the collision probability for the urgent cause is lower than the collision probability for the non-urgent cause. 
Similar to case 1, we can provision the RACH channel such that the collision probability for the urgent cause is 0.5%. 
Assume that the load for the urgent and non-urgent cause is 43 and 43 accesses per second respectively (equally split from the 86 accesses per second overall load). Also assume that in terms of unfair splitting, we provide 40 signatures to the urgent cause, and 24 signatures to the non-urgent cause. 
Using equation 2 from [5], the number of signatures per 10ms required for the urgent cause for 0.5% collision probability is 172/2 = 86. With 40 signatures available per slot, the number of slots required is 86/40 = 2.15. And the RACH channel overhead = 2.15*1.25% = 2.6875% (Compared to 3.36% in case 1). The difference in overhead between case 1 and 2 would be larger if 32 random signatures are available (i.e. if 1 bit is used for information). 
Let us compute the collision probability for the non-urgent case in this scenario. Total signatures available for the case is 2.15*24 = 51.6 signatures per 10ms. Using equation 2 from [5], the collision probability is 0.83% (for non-urgent cause). We observed in [4] that collision probability as high as 4% easily satisfy latency requirements of LTE, and actually reduce RACH overhead. So 0.83% collision probability in this case for non-urgent is very good. We will revisit this with a similar example later in this document.
Thus, splitting based on urgent and non-urgent causes provides channel capacity benefits without compromising on latencies.
The main overhead with the cause based splitting is that if it is dynamic or semi-static, it needs to be communicated through BCH or otherwise. For 64 signature set, bi-partitioning requires 5 bits or less to signal the split point. The urgent-non-urgent splitting ratio is expected to remain relatively stable over time, and does not need to be signaled frequently. Thus, the overhead will be low in signaling this information. One can even say that the ratio is well known, although there are benefits to keeping it configurable.
3. Urgent RACH accesses and variable message3 allocation

RAN2 has agreed to have a single RACH process for all reasons RACH will be used [1]. In the entire process from message 1 to message 4, the only significant change with causes is the change in the size of message 3. In table 1 of [3] we see a number of different message 3 sizes that are possible for various RACH use cases. If the eNB does not know anything about the cause, it has to allocate a common and standard size for each cause. In order not to waste resources, or cause undue latency, a medium-large message 3 allocation may be made. We should note that the urgent and non-urgent cases have different performance requirements. For the non-urgent case, the contents of message 3 can easily be split into a message 3 and a message 5. This way, the message 3 can have a small fixed size regardless of the cause as long as it is non-urgent. In the case of urgent causes for random access, it would save latency and capacity if message 3 is just the right size to accommodate the full initial message for the cause, and not need to split it into message 3 and 5. This is possible if radio link conditions are known. Based on our observations in sections 2 and here, we propose that the signature space be split into urgent and non-urgent causes, and that the signatures in the urgent cause subset carry 1 bit of radio link quality information (as in [3]). 
4. Urgent RACH accesses and C-RNTI allocation in Message 2

One of the main discussions about message 2 transmission in RAN2 was whether the C-RNTI should be allocated in message 2 or not. We know that for some use cases the UE already has a C-RNTI and does not need a new one in message 2. In that case, the C-RNTI allocation is a waste of DL resources. In order to further optimize the RACH process based on our suggested urgent-non-urgent split of causes, we suggest that the C-RNTI be allocated only for non-urgent causes in message 2. In table 1 in [3] (reproduced partially below in table 1), we observe that in all use cases where the C-RNTI is already available with the UE, the access cause is urgent, and there is no need for C-RNTI allocation in message 2. However, there are some causes (Causes b) and d)) in table 1 that are urgent, but do not already have C-RNTIs. We suggest that these cases be considered “non-urgent” for our proposed method in this contribution, and C-RNTI be allocated in message 2. This is further justified by the fact that in these causes UEs are coming from RRC-IDLE. This approach saves DL capacity in terms of sending the C-RNTI only when required, and without using extra information bits in message 1.
	
	Cause
	State transition
	Identity to be used
	Urgency (from table 1 in [3])
	Urgency (w.r.t the proposed RACH procedure)
	C-RNTI allocated in Message 2?

	a)
	Arrival of UL data
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Urgent 
	NO

	b)
	Arrival of UL data
	RRC-Idle -> RRC-Connected
	TMSI
	Urgent
	Non-Urgent
	YES

	c)
	Arrival of DL data
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Urgent
	NO

	d)
	Paging response
	RRC-Idle -> RRC-Connected
	TMSI
	Urgent
	Non-Urgent
	YES

	e)
	Inter-ENB handover
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Urgent
	NO

	f)
	Tracking Area Update
	RRC-Idle -> RRC-Connected
	TMSI, TMSI/TAI
	Non-Urgent
	Non-Urgent
	YES

	g)
	Attach with IMSI
	RRC-Idle -> RRC-Connected
	IMSI
	Non-Urgent
	Non-Urgent
	YES

	h)
	Attach/Call setup with IMEI
	RRC-Idle -> RRC-Connected
	IMEI
	Non-Urgent
	Non-Urgent
	YES

	i)
	UL Sync
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Urgent
	NO


Table 1: Use cases for RACH and recommended C-RNTI allocations in message 2
5. Information in message 1 and the proposed method
In section 2, 3, and 4, we observed various benefits of cause based splitting of RACH resources among urgent and non-urgent causes. Below, we outline our method on content of message 1, and the RACH procedure.
5.1 Message 1 content and the RACH procedure
The proposed method may be described as follows:

· There are 2 causes interpreted in message 1: Urgent Access and Non-Urgent Access (e.g. see table 1 above);

· Based on the respective loads in urgent and non-urgent causes, and based on relative gains that the eNB wishes to provide to the urgent causes, it splits the signatures space into two. The split point is indicated in the system information (at most 5 bits field that is transmitted infrequently). This splitting does not change over short intervals of time, and thus need not be communicated very frequently.

· For the non-urgent subset:

· No further information is carried in the signature

· A signature used from the non-urgent subset causes a standard message 3 allocation which is basic and may be 1 resource block for 1 TTI.
· The eNB also allocates a C-RNTI in message 2, as a response to access with signature from a “non-urgent” subset.
· UE splits the possible message 3 contents into message 3 and message 5 if the entire message 3 cannot be reliably transmitted in the allocation

· The rest of the RACH process is identical as in [1]
· For the urgent subset:

· One bit is used to carry CQI/radio condition information. Note that this reduces the randomness available, but from [4], we know that the available randomness is well within limits for good performance.
· Based on the radio link quality information in the message 1, and the knowledge that the cause is urgent, the eNB allocates 2 different message3 sizes. This allows optimizing both resources and latency in the case that all of the RRC/NAS request can fit in message 3, and message 5 is not needed. 

· There is no CRNTI allocation in message 2 on RACH access with an “urgent” signature.

· UE splits the possible message 3 contents, if necessary, into message 3 and message 5.
· The rest of the RACH process is identical as in [1].
5.2 Benefits and overhead considerations
The proposed method has the benefits as mentioned in section 2, 3, and 4. Specifically, there is a significant latency benefit for the urgent cause without the expense of RACH overhead. We can split the signatures such that the collision probabilities for urgent causes are very low, but those of non-urgent are higher. RACH can be provisioned with less overhead than in the case when collision probabilities for all accesses are aimed low.
Consider an example to understand the gains. Assume load of 86 accesses [5] per second in a 10 Mhz system bandwidth, with an urgent and non-urgent load of 43 and 43 accesses per second respectively. 

Case 1: 1 bit is used for radio link quality in all cases and no splitting based on cause is done: Signatures per slot available= 32. For 0.5% collision probability for all, the RACH overhead is 6.72% (table 3 in [4]).
Case 2: Signatures are split between urgent and non-urgent causes as 52 and 12 respectively, and 1 bit is used for radio link quality only in urgent cause. Thus for a load of 43 accesses per second, the random signatures available for urgent and non-urgent causes are 52/2 (or 26) and 12 respectively. For 0.5% collision probability for urgent causes, the number of signatures required in 10ms is 86 (eq 2 in [5]). The number of RACH slots required with 26 signatures/slot = 86/26 = 3.307, which implies a RACH overhead of 4.14% in the UL. This is more than 2.5% of UL channel capacity that is saved compared to case 1. For the non-urgent case here, the collision probability is 1.08%. Considering that we can allow upto 4% collision probabilities without latency problems [4], the possibility of saving RACH channel overhead is substantial.
Note that the number of bits that are carrying information and reducing the randomness in the signatures may be considered less than 1 in the fair partitioning case. This is so because the 1 bit information is used only for the urgent cause, and thus less than 100% of the time. As an example, if the urgent cause makes up for x% of the load on RACH, approximately x/100 bits are used for information. Unfair partitioning increases this a bit, but is much less than actually carrying 1 bit of cause information that reduces randomness.
In the proposed method, the urgent cause also benefits from granularity in the allocation of message 3. This is similar to what is proposed in [3]. Downlink overhead involved in transmitting C-RNTI allocation in message 2 is also reduced as all the use cases that do not need C-RNTI are not allocated C-RNTIs in message 2.
In terms of overhead, the eNodeB needs to perform periodic measurements of the received offered load for both urgent and non-urgent causes in order to maintain the right signature split. Since the ratio does not change frequently, this information (splitting point) can be transmitted at intervals of 100ms or less in the secondary-BCH. 
6. Conclusion

In this contribution, we proposed a method to split the RACH signature set into 2 sub-sets based on urgent or non-urgent cause. We show that such splitting does not reduce randomness in the RACH process, but benefits in the form of unfair resource allocation in favor of urgent accesses. We proposed to include radio link quality information of 1 bit in the signature sub-set for the urgent cause to provide some granularity in the allocation of message 3. We also proposed that message 2 carry C-RNTI for the UE in only the non-urgent accesses. We listed the benefits, and showed that any overhead on secondary BCH is minimal.  We propose that acceptable portions be included in stage 2 TS.
References

[1] TS 36.300 v 0.9.0 
[2] R2-062839, “Motivation for Access and Response Types in Unsynchronized RACH”, Texas Instruments Inc
[3] R2-070207, “Pathloss & Size in RACH signature”, Samsung, NTT Docomo
[4] R2-070703, “Optimized provisioning of RACH in LTE“, Texas Instruments Inc.
[5] R2-070206, “Collision Probability on RACH “, Samsung
[6] R1-070281, "Uplink Timing control for E-UTRA”, Texas Instruments Inc











































































































































































































































































































































































- 3/7 -

