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1. Introduction
It has been agreed that LTE-A deployments would support asymmetric carrier aggregation (CA). Given that DL traffic is expected to be heavier than UL traffic the issue of resolving DL carrier ambiguity during initial access has been investigated [1 - 5]. In this document we update our views in [2]. Furthermore, we consider the implication of the Rel8 default TX-RX duplex separation on initial random access in LTE-A.    
2. Proposed RACH Initial Access Schemes
We shall use the notation 
[image: image1.wmf]:1

x

 to denote x DL carriers and 1 UL carrier. The three main options are as follows
1. Option 1: broadcast different PRACH parameters - time/frequency/code resources - for each DL component carrier [1]. Hence from the PRACH transmission the eNB detects the DL carrier the UE is listening to and sends the RAR only in the appropriate DL carrier. However, the drawback of this method is that for the same Random Access offered load, the eNB monitors x times as many preambles as in a 
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 configuration. 
2. Option 2: the RAR is transmitted from all DL component carriers linked to an UL component carrier [1]. This still does not resolve DL CC ambiguity because at contention resolution the eNB still does not know which DL CC the UE is listening to. Some modified options to resolve this issue are summarised in the next section.  
3. Option 3: use only one DL carrier for initial access, i.e. restrict backward compatibility to only one DL carrier [5] e.g. by not transmitting the PBCH/SCH from the other carriers. However, using only one DL carrier for initial access unfairly limits flexibility of the LTE-A design and also affects load balancing. An alternative scheme is to preclude LTE UEs by sending an indication in the reserved field of PBCH or dynamic BCH with some forward compatibility mechanisms. We elaborate on this in Section 3.
Table1 in [2] summarizes the merits/demerits of each of these three options.
2.1. Modifications to Option 2
2.1.1. Different UL grants

In the RAR the eNB provides as many UL grants for Msg 3 as there are DL carriers [2]. The eNB can then detect the DL carrier from the actual UL grant used by the UE. Note that 
[image: image3.wmf]1

x

-

 Msg 3 resources are wasted but this overhead may be acceptable given the relatively small size of Msg 3. Moreover, these additional resources are only utilized during initial access (RRC_IDLE to RRC_CONNECTED state transition).
2.1.2. Carrier-specific temporary C-RNTI

In this scheme the eNB assigns temporary C-RNTIs based on the DL CC [3]. Since the C-RNTI is used to initialize the scrambling sequence the eNB can determine the CC the UE is camped on. However, as pointed out in [4] this places a burden on the eNB because it has to descramble and decode the PUSCH multiple times. For example, in the extreme case of a 
[image: image4.wmf]5:1

 pairing the eNB has to decode five times thereby significantly increasing the random access latency. In addition, temporary C-RNTI management across CCs is required, which was also noted in [4].  
Although these first two modified options in 2.1.1 and 2.1.2 do not have a direct impact on the RAN1 specification, the eNB procedure for RAR and indeed contention resolution may need to be clearly defined.  

2.1.3. Explicit signalling of DL carrier information in Msg 3
In this scheme RACH Msg 3 is revised to provide an indication of the DL CC. In [2] it was proposed to use the reserved field of the PBCH to indicate the DL CC to the UE, which is then transmitted back to the eNB in RACH Msg3. To ensure the principle of backward compatibility for the PBCH this scheme is easily modified by providing CC indication in the dynamic BCH. 

A similar concept in terms of revising Msg 3 was proposed in [3], whereby the UE uses the bits for DL CC identification to modify the scrambling code of Msg3 or to mask the CRC of Msg 3. However, from the possibly large set of carrier frequencies it is unclear how the CC-to-bit mapping would be done.
3. Support of non-backward compatible carriers
It was noted in [6] that RAN4 had defined a default TX-RX duplex separation for FDD in Rel8. Therefore, once a Rel8 UE achieves synchronization and decodes the PBCH it automatically knows what the UL carrier is. The implication of this decision is that in an asymmetric CA scheme only one DL carrier is backward compatible. An example is shown below for a 
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CC pairing. 
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Figure 1 Illustration of a 2:1 asymmetric CA with contiguous DL component carriers
Based on the RAN4 decision DL CC2 must be hidden from Rel8 UEs. Some mechanisms already exist in the Rel8 specification to preclude Rel8 UEs from network access using this CC. For example, information in SIB1 can be used to inform a Rel8 UE that a cell (equivalently a CC) is barred. On the other hand an LTE-A UE should have the freedom to access the network using CC2 in Figure 1 because the CC cannot be backward compatible. Furthermore, there seems to be no strong reason why the initial access design on such non-backward compatible carriers must adhere strictly to the Rel8 specification. Although the DL CC ambiguity problem remains, it can be solved by the schemes presented in section 2.1.3, namely, explicit signalling of DL CC information. A simple scheme is as follows

a) The eNB broadcasts a bit-to-CC mapping for configured CCs on the dynamic BCH (e.g. carried in SIB2).

b) RACH Msg3 is revised to include these bits. Note that at most 2 bits are required for a 
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 CC configuration.

c) Contention resolution message is only carried on the DL CC indicated in Msg 3. 

The default TX-RX separation also has implications for symmetric DL-UL non-contiguous CA. It is not mandatory (at least at this stage) that the selected UL-DL pairs must fulfil the Rel8 TX-RX spacing. IN such a case where they do not, those carriers are also not backward compatible. In such cases it is up to RAN1 to decide on the relative merits of a different random access design for non-backward compatible CCs.

4. Conclusion

This contribution compares the current proposals on initial random access, and in particular how to resolve DL CC ambiguity for an asymmetric CA pairing. We also describe implications of the Rel8 TX-RX default spacing on initial random access design in LTE-A. Given the possibility of many non-backward compatible carriers in LTE-A, initial random access design can be modified from the Rel8 specification.
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