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1 Introduction
Random access (RA) is one indispensible feature of LTE system, and it is widely used in various scenarios such as initial access, RRC connection re-establishment, handover, and UL synchronization or resources request, etc [1]. In this paper, we first discuss the issues arising in random access procedure when eICIC is applied, and then provide some analysis on the solutions proposed so far from several companies [2 – 5]. The following aspects are looked into

· Delay to send RA preamble;

· The required size of RA response window;

· The resolution that RA resources can be reserved; and

· The signaling impact.
It is proposed to consider the impact of eICIC on random access procedure and further study methods to address potential issues. 

2 Discussion
2.1 Random access with eICIC
In random access procedure, when a UE sends a random access preamble in the Nth subframe, it shall monitor the PDCCH for RAR (Random Access Response) in the RA Response window, which starts at the subframe N+3 and has a length of ra-ResponseWindowSize subframes. If the UE can not receive the RAR message within RA Response window, it considers that this random access attempt fails. When eICIC is enacted and a UE initiates random access procedure towards a victim cell in its CRE area, RARs transmitted in non-ABS of the aggressor cell may be under interference from the aggressor cell. For victim UE, this could lead to the reception difficulties of RAR message, and cause failure of random access attempt. In order not to deteriorate RAR reception performance, RAR of a victim UE should be sent in ABS of the aggressor cell.
Observation 1: When eICIC is enacted, RAR messages of a victim UE should be sent in ABS of the aggressor cell.
For an eNB to be able to send RAR message of a victim UE in ABS, the following two issues should be resolved
1. there should be ABS in the UE’s RA Response window; and

2. eNB should be able to identify victim UE’s random access attempts. 
On the issue 2, there were questions if a work-around can be to always send random access responses in ABS within the RA Response window, regardless whether it targets to a victim UE or not. However, this may restrain the implementation of eNB and have some impact on the random access capacity and latency performance. 

First of all, this may cause unnecessary latency in random access, even to those UE who are not impacted by the aggressor cell’s interference. Either to victim UE or non-victim UE, RAR message can not be sent without a wait for an ABS in the RA Response window. Let’s take the pattern of (1/8, 1, ABS) for an example. Instead of sending RAR in the first subframe in the RA Response window, there may be a delay of 7 ms before a RAR message can be sent out. This extra delay is incurred, even by a non-victim UE which does not need to rely on ABS to receive the RAR message.
Delay issue can become much worse, when squeezing all RAR messages into ABS causes unnecessary random access retries. RAR message can be scheduled only by PDCCH transmitted in the common search space. The  common search space consists of only 16 control channel elements (CCE), and the CCE aggregation level can only be 4 or 8 for its PDCCH. This means the maximum number of PDCCH is 4 in a subframe. One PDCCH can only schedule one Random Access Response MAC PDU addressed to a specific RA-RNTI. That is, at maximum only 4 Random Access Response MAC PDUs with different RA-RNTIs can be schuduled simultaneously in one subframe. Let’s take ABS pattern of (1/8, 1, ABS) again for an example. The ra-ResponseWindowSize is chosen as 8 ms, as any thing smaller would not guarantee an ABS in the RA Response window, which would already make some RA Response window useless. In FDD system, the random accesses initiated on eight uplink subframes correspond to eight RA-RNTIs. Hence, not all their RARs can be sent in a single protected subframe due to the limited PDCCH number in the common search space. Therefore, some UE will not receive RAR in the current RA Response window and have to perform random access again. This kind of extra random access retries may also happen to TDD system. In TDD system, there may be 6 different kinds of frequency resource in one subframe for UEs to send preambles. That is, RAR messages with 6 different RA-RNTIs may need to be sent. If different UEs initiate random accesses in 6 different resources in an ABS pattern period, the victim eNB would have to respond with RAR messages of 6 kinds of RA-RNTI. Similarly to FDD scenario, this is not possible in a RA Response window, and some UE will not receive RAR message in this RA Response window. Again, some UEs, even those who are not impacted by the aggressor cell’s interference, will suffer much longer latency in random access.
The common search space is also used by PDCCH messages with P-RNTI. If all 4 possbile PDCCH in the common search space are used for RAR messages, there will be none for paging or system information update. Sending all RAR messages only in ABS will also impose additional pressure on the availabilty of PDCCH resources to schedule PDSCH. Since victim UE can only be served in an ABS, the overall effectiveness of the range expansion, including user throughput and cell edge throughput will be adversely impacted.
If the ABS density is large, the delay and performance issues may be less severe, but this is at the expense of taking much resource away from the aggressor cell and reserving them as ABS for the victim cell. This may impose negative impact on the overall system throughput. Therefore, it is not feasible to send all the RAR messages in the protected subframes.
Hence, protocol enhancements are needed for eNB to identify victim UE’s random access attempts, so that limited ABS resource can be used to send RAR messages to victim UEs.
Proposal: It is proposed to enhance random access procedure for eICIC scenario, by addressing issues related to ABS availability in RA Response window and to the eNB’s awareness of victim UE’s random access attempts.
2.2 Potential enhancements
Potential solutions were proposed [2–5] to enhance random access procedure in eICIC scenario, e.g., by using RA preamble sequences or PRACH resources to indicate victim UE’s random access attempts. 
When some of RA preamble sequences are reserved for use by victim UEs’ random access attempts, eNB relies on the detection of these reserved preamble sequences to decide whether or not to send the corresponding RAR message and the following information in ABS. Very fine control can be put on how much RA resources is reserved for victim UE, as the granularity is 1 out of 64 preamble sequences. Since the reserved preamble sequence can be sent in any subframe within PRACH resources, there is no latency incurred for the victim UE’s random access attempt. When the ABS density is very low, there may be need to have a conservatively large ra-ResponseWindowSize, so that there would be ABS in RA Response window. For example, the ra-ResponseWindowSize should be set larger than 8 subframes if the density of ABS pattern is 1/8.
When some of PRACH resources are reserved for use by victim UEs’ random access attempts, eNB relies on the detection of these reserved resources to decide whether or not to send the RAR message and the following information in the ABS. It may be possible to reserve the PRACH subframes, which are close to ABS, for use by the victim UEs’ random access. This helps if relatively small RA Response window is desired to reduce RAR monitoring time. Since only a subset of subframes of PRACH resources are reserved, victim UE may need to wait a few subframes before RA preambles can be sent on the reserved PRACH resources. PRACH resources can be reserved at best at a granularity of 1 out of 10 subframes for FDD system or 1 out of 6 frequency resources for TDD system, which is much coarser than what is achievable with preamble sequence reservation. 
The reservation of preamble sequences and PRACH resources can be made within the random access resource range, which is also used by legacy UEs. Since eNB is not able to differentiate victim UE from legacy UE, ABS within the RA response window would be used by the eNB to send RAR messages to both victim UEs and those legacy UEs, who happen to choose the reserved random access resources. On the other hand, preamble sequences and PRACH resources can also be reserved exclusively for victim UE, which let eNB dedicate ABS in RA response window only to victim UEs. This can be easily achieved by allocating separate groups of preamble sequences to legacy UEs and victim UEs. Allocating separate sets of PRACH resources may incur deeper changes in signaling, as new PRACH Configuration Index may need to be introduced. 
Table 1, Comparison of indication schemes for victim UE’s RA attempts
	Indication Schemes
	Delay to Send Preambles
	RA Response Window Size
	Resource Reservation Resolution
	Signaling Impact of Exclusive Reservation

	Preamble Sequence Reservation
	No
	Relatively large
	1/64th RACH resources
	Relatively small

	PRACH Resource Reservation
	Yes
	Relatively small
	1/10th (FDD) or 1/6th (TDD) of RACH resources
	Relatively large


3 Conclusion
This paper first discusses the issues arising in random access procedure when eICIC is applied. It then provides analysis on the solutions proposed so far from several companies [2 – 5], from the aspects of delay to send random preamble, the required size of RA response window, possible resolution of reserving resources, and signaling impact. 

It is proposed to consider the impact of eICIC on random access procedure and further study methods to address potential issues. 
Proposal: It is proposed to enhance random access procedure for eICIC scenario, by addressing issues related to ABS availability in RA Response window and to the eNB’s awareness of victim UE’s random access attempts.
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