
3GPP TSG RAN WG1 Meeting #56
R1-090984
Athens, Greece, 9 – 13 February, 2009
Source:
ZTE
Title:
Initial Uplink Access Procedure in LTE-Advanced
Agenda Item:
12.1
Document for:
Discussion and Decision

1. Introduction 
In RAN1 #53bis, carrier aggregation was agreed to be used to support wider bandwidth (>20MHz) in LTE-advanced [1]. And several baseline assumptions were also agreed in RAN1 #55 [2], including

· It will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. 
· It shall be possible to configure all component carriers LTE Release 8 compatible. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded. 
· Assume the same methodology in the development of the L1 specifications for contiguous and non-contiguous aggregation.
Based on above assumptions, in RAN1 #55bis, initial access procedure for asymmetric carrier aggregation in LTE-Advanced was discussed in [1]-[5] and several options were proposed, which were intended to resolve the downlink component carrier ambiguity problem in the case that multiple downlink component carriers are linked to one uplink component carrier.  

The proposed solutions are enumerated below:

· Option 1: as discussed in [1][2][3][5], different PRACH parameters are broadcasted on different downlink component carriers. Hence after receiving the preamble based on the PRACH parameters, eNB can get the knowledge of which downlink component carrier the UE is listening to.

· Option 2: as discussed in [3][4], configure the same PRACH parameters for all downlink component carriers. RA responses with different uplink grants or in different subframes are transmitted on different downlink component carriers linked to the same uplink component carrier. Hence from the Msg 3 transmission based on the corresponding RA response, the eNB will know which downlink component carrier the UE is listening to. 

· Option 3: as discussed in [1][3], only one downlink component carrier is allowed to be linked to a certain uplink carrier even if the number of downlink component carriers is more than that of uplink component carriers, i.e. restricting the capability of downlink synchronization to only part of downlink component carriers. 
· Option 4: as discussed in [4], the eNB uses 1~2 bits in the reserved field of MIB to signal which downlink component carrier the MIB is transmitted on and the UE feeds back the downlink component carrier identifier to the eNB in Msg 3 to indicate the carrier it is listening to, i.e. explicit signaling downlink component carrier information in system information and Msg 3.
In this contribution, we analyze the pros/cons of these options and propose a hybrid method for the initial random access for asymmetric carrier aggregation.
2. Discussions
2.1. Analysis of Current Options
· Option 1:

As mentioned in [1], the parameters which can be used to distinguish different downlink carriers are called ‘specially configured parameters’ which maybe include

· time domain position, i.e. different PRACH configuration index with identical preamble format

· frequency domain position
· the first logical root sequence index

Option 1 can save downlink resources most effectively, since both RA response and contention resolution are transmitted only on the downlink component carrier the UE anchors to. But it has a few demerits:

1. bringing considerable limitation of PRACH configuration. For example, if time or frequency domain position is used, the flexibility of PRACH density allocation will be limited. What is worse, there may not be enough room to distinguish all downlink component carriers linked to one uplink component carrier. E.g., for heavy asymmetric carrier aggregation, and/or for high PRACH density, and/or for extended preamble (longer than 800 us), time/frequency resources would be limited. For heavy asymmetric carrier aggregation, and/or for large cyclic shift 
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, and/or for high speed scenario, sequence resources can be limited.
2. degrading the preamble detection performance. If logical root sequence index is used to distinguish different downlink component carriers, the root sequence reuse factor will decrease compared with LTE, which means more inter-cell interference. Meanwhile more root sequences in one cell also means more intra-cell interference due to the non-ideal orthogonal property between ZC sequences. 

· Option 2:

For Option 2, no PRACH resources are wasted but eNB should response on multiple downlink component carriers, which causes waste of downlink resources. Regarding to this option, there are two possible ways to transmit RA response:

Option 2-1: RA responses with different contents, such as Temporary C-RNTI and/or uplink grant are transmitted on different downlink component carriers. After receiving RA response, UE transmits Msg 3 using corresponding uplink resource and Temporary C-RNTI. And then eNB can recognize the downlink component carrier the UE is listening to as discussed in [3], [4].

If uplink grant is used, possibly different resource blocks are allocated on different downlink component carriers. As mentioned in [3], only one grant among the multiple scheduled uplink grants is used for Msg 3 transmission, which results in uplink resource waste. However, it is not necessary to allocate resource blocks with completely orthogonal time/frequency position. To be partly overlapped is ok. Then uplink resource waste may not be huge. The scrambling initiation of Msg 3 is by Temporary C-RNTI. So if Temporary C-RNTI is used, no uplink resource is wasted.
Option 2-2: RA response can be transmitted on multiple downlink component carriers in the different subframe using different RA response timing. For this method, eNB can identify downlink component carrier the UE is listening to by different Msg 3 reception timing regardless of the contents of RA response as discussed in [3]. However, this could result in access delay.
Both RA response options increase scheduling complexity and blind detection complexity for eNB.
Another problem with option 2 can be found in contention resolution. For example, if there are two UEs anchored to two downlink component carriers respectively, and these two downlink component carriers are linked to the same uplink component carrier, there is some colliding probability for the two UEs to select the same preamble sequence and send it on the same PRACH of the same uplink component carrier. But different RA responses on different downlink component carriers would separate the two UE’s Msg 3 in time/frequency/code domain. We need a way to deal with this issue which is not encountered in LTE.
· Option 3:

The demerits of Option 3 are:

1. Some component carriers are not backward compatible.

2. Potential cell search latency may be introduced for UE may not know on which downlink component carriers SCH/BCH are located.
3. Not only RA response and contention resolution transmission but also the downlink data transmission of Rel-8 UEs are constrained to a few downlink component carriers, which is also an undesired consequence.

But this option has no downlink carrier ambiguity problem then requires least change to Rel8 PRACH specifications. 
· Option 4:

In option 4, RA response is transmitted on all possible downlink component carriers, which is an inefficient way. Compared with option 1 and 3, neither option 2 nor 4 has any impact on the preamble detection performance. Option 4 needs less increase in scheduling complexity and blind detection complexity than Option 2. But content change of system information and Msg 3 to include downlink component carrier index (maybe to also include cell-specific carrier configuration and UE-specific assignment respectively) is FFS and should be made under the constraint of backward compatibility. 
2.2. A Hybrid Method

From above analysis it can be seen that each option has merits and demerits. And it is obvious that backward compatibility, random access performance, indication and detection complexity and resource utilization are main factors to be considered for initial access procedure in LTE-A. Herein, a hybrid method is proposed to achieve a good trade-off among the four factors. Details are described below following the four steps of contention based random access procedure as performed in LTE R8 system.
· Step 1: Preamble selection/transmission
After initial downlink synchronization, a UE will synchronize/anchor to a certain downlink component carrier and start to read BCH. From the D-BCH transmitted on this downlink component carrier, it is straightforward that this UE can obtain carrier frequency and bandwidth of the uplink carrier on which selected random access preamble will be sent by the UE. For asymmetric carrier aggregation in LTE-Advanced, multiple downlink component carriers are linked to one uplink component carrier for random access procedure as shown in Fig 1.
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Fig 1 Example of Downlink and Uplink Component Carriers linkage for Initial Uplink Access
In addition, from the D-BCH of the same downlink component carrier, the UE can also obtain the necessary PRACH parameters in the corresponding uplink carrier containing PRACH(s), which includes

· PRACH configuration index (implying time domain position of the available random access opportunities, preamble format), 

· frequency position of the available random access opportunities, 

· logical index of the first available root sequence, 

· cyclic shift 
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, 

· set type (unrestricted or restricted set), and so on

Then with the same process as LTE, all of the available preambles will be generated and UE will transmit one preamble selected from them by MAC mechanism to eNB on a certain PRACH resource of the uplink component carrier designated by D-BCH on the downlink component carrier which this UE synchronized/anchored to during initial downlink synchronization.

And it is proposed that the downlink component carriers linked to a certain uplink component carrier can be divided into several groups as shown in fig 2. In each group there may be one or multiple downlink component carriers. Different ‘specially configured parameters’ are broadcasted among different groups to allow for group distinguishability. For the downlink component carriers within the same group, the ‘specially configured parameters’ are identical and the corresponding RA response is transmitted on all downlink carriers within this group. Herein we enumerate PRACH parameters which can be used as ‘specially configured parameters’:

· time domain position of PRACH(s), i.e. different PRACH configuration indices with identical preamble format, which result in different PRACH time location

· frequency domain position.

· the first logical root sequence index.
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Fig 2 Example for DL Component Carrier Grouping
In addition, what kind of ‘specially configured parameters’ is used to distinguish the downlink component carrier groups linked to a certain uplink component carrier is FFS or maybe simply treated as an implementation issue. By this way, eNB can have more flexibility to achieve tradeoff between PRACH configuration limitation and the efficiency of downlink resource utilization without any additional complexity, which can be simply done by setting the PRACH parameters broadcasted in different downlink component carriers linked to a certain uplink component carrier. 
For example, if there are two downlink component carriers linked to one uplink component carrier, and the uplink component carrier bandwidth is small, and the preamble format is format 3 and the PRACH density is 3 PRACH/10ms, it’s obvious that the two downlink component carriers should compose one group because there is little room for PRACH configuration and the downlink resource waste is small. 
But if there are four downlink component carriers linked to one uplink component carrier, and the uplink component carrier bandwidth is 20MHz, and/or the preamble format is format 0, it is better to divide the four downlink component carriers into 2 groups because there is enough room for PRACH configuration and it is too wasteful to transmit RA responses on four downlink component carriers.
· Step 2: Random Access (RA) Response

After detecting the preambles, a RA response, which intends for a variable number of UEs and accommodates RA-preamble identifier, timing alignment information, initial uplink grant and temporary C-RNTI will be generated and transmitted to UEs by eNB. 

When there is only one downlink component carrier linked to a certain uplink component carrier, e.g. downlink carrier 1 and uplink carrier 1 in Fig 1, it is obvious that the RA responses intended for the UEs sending preambles in the corresponding uplink component carrier should be transmitted in this sole downlink component carrier, like RA response transmission in LTE.

When there are multiple downlink component groups distinguished by different ‘specially configured parameters’ linked to a certain uplink component carrier, the RA response intended to UEs sending preambles with same ‘specially configured parameters’, which implies those UEs synchronized/anchored to the downlink component carriers within the same group, should be transmitted in all downlink component carriers within the corresponding group. 
· Step 3: Scheduled Transmission (also called ‘Msg 3’)

According to the uplink grant sent in RA response, a scheduled transmission (Msg 3) including RRC Connection Request, NAS UE identifier, etc will be transmitted with PUSCH in the same uplink component carrier as used for sending preamble in step 1.
In conjunction with the ideas proposed in [3][4], the downlink component carriers within a certain group can be further distinguished through Msg 3 transmission. Namely, Temporary C-RNTIs or/and uplink grants contained in RA response transmitted on downlink component carriers within the same group are different. After receiving RA response, UE transmits Msg 3 using corresponding uplink resource or/and Temporary C-RNTI and eNB can identify the downlink component carrier the UE is listening to. 
· Step 4: Contention Resolution (also called ‘Msg 4’)

In step 4 contention resolution message will be transmitted with PDSCH accompanied by a PDCCH addressed to temporary C-RNTI. Since eNB has already determined the downlink component carrier the UE is listening to,  the sole downlink component carrier is used for Msg 4 transmission. 
3. Conclusion

In this contribution, initial uplink access procedure in LTE-advanced is discussed and several options are analyzed taking account of backward compatibility, random access performance, indication and detection complexity and resource utilization. As conclusion, to allow for more flexibility of balancing PRACH configuration limitation and the efficiency of downlink resource utilization in various cases, we suggest RAN1 can consider a hybrid method of option 1 and option 2.
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