3GPP TSG RAN WG1 Meeting #57bis  



 




   R1-092377
Los Angeles, USA, June 29-July 3, 2009
Agenda Item:
15.4
Source:
Huawei
Title:
Issues in carrier aggregation
Document for:
Discussion/Decision
1 Introduction

At RAN1#57, the topic of component carrier structures was discussed but no conclusions were made. In addition, RAN2 has sent an LS [1] with issues related to the physical channel configurations of the component carriers. In this contribution, we elaborate further on these issues and address RAN2’s questions, in particular those related to the initial access.   
2 Configurations and procedures for component carriers 
2.1 Component carrier types
Essentially two types of component carriers are envisaged; Rel-8 backwards compatible or Rel-8 non-backwards compatible component carriers. The existence of the latter is either implicit, e.g., as a consequence of the fixed TX/RX duplex distance in Rel-8 precluding access on all component carriers for asymmetric carrier aggregation, or explicit as a consequence of novel physical channels, or removal of existing Rel-8 channels.

A further distinction can be made for a Rel-8 backwards compatible carrier such that part of its time-frequency resources are not backwards compatible [2]. That is, resources can be dedicated to specific transmission modes in LTE-Adv through TDM of FDM. The TDM solution has been discussed for various features not supported in Rel-8, e.g., relays, CoMP and positioning, and is typically enabled through MBSFN subframes. The FDM solution could at least be applied for the Rel-8 defined transmission bandwidths, e.g., using a set of central RBs for LTE within a wider component carrier. As Rel-8 UEs still may access this type of partly backwards compatible carriers, and therefore also LTE-Adv UEs, it is not in the category of standalone non-backwards compatible component carrier. 
2.2 Physical channels on component carriers
The concepts for bandwidth extension have so far taken the route of modularity, namely; using carrier aggregation instead of new bandwidth modes, using one dedicated and independent HARQ entity per component carrier, mapping one TB on one component carrier instead of cross-carrier mappings, separate encoding of the PDCCH instead of joint PDCCH etc. Obviously the merit of this approach is simplicity and less standardization work. The only exception at this point seems to be the further study of the alternative of having a PDCCH transmitted on a different component carrier than the corresponding PDSCH.  
A first issue is if all physical channels should be present on a component carrier and more specifically if every carrier should provide for cell identification. To prevent Rel-8 UEs from accessing non-backwards compatible carriers, a few different options could be considered. One is to have component carriers completely without any synchronization channels. This implies that LTE-Adv UEs could not use such a subset of carriers for idle mode camping but only in active mode. An LTE-Adv UE would thus have to setup its connection through another component carrier and activate this carrier through dedicated RRC signalling. The prerequisite for this is that component carriers would have to be time/frequency synchronized such that the synchronization channel from another component carrier could be used. Utilizing synchronization channels from other contiguous component carriers is not seen as a problem but such an assumption appears perhaps less obvious for inter-band non-contiguous carrier aggregation, where both the coverage and fading processes may differ among carriers. Also, depending on the preferred eNB implementation, different frequency offsets on the carriers may arise. We thus foresee that a number of carrier aggregation cases might have to be treated separately to determine whether the synchronization channels can be removed or not, which is contradicting the modularity principle. It is also our view that the small overhead reduction from removing the synchronization channel is not a strong argument per se. 

Another alternative is to introduce a new synchronization channel for LTE-Adv that may be transmitted on all or a subset of the Rel-8 non-backwards compatible carriers, as described above. Technically, there is no need for such a signal and the indication can be performed with existing means, see next paragraph. Moreover, this would prevent reusing the Rel-8 cell search implementation alone and more hardware for facilitating LTE-Adv cell search would have to be added in parallel. This is not attractive from power consumption or form factor point of view. Alternatively, a completely new design, possibly residing in one single chip, incorporating cell search algorithms for both LTE and LTE-Adv would have to be developed. However, this comes with additional costs as well and should be avoided.

Since the cell search also includes reading the BCH, component carriers can be hidden from Rel-8 UEs by selectively choosing its contents, i.e., it is a discussion on what to transmit in the MIB and SIBs. For example, certain code points in the MIB are not used in Rel-8 and could be utilized for preventing the reception of the BCH. Various solutions along the same principles of using the BCH for hiding certain carriers have been discussed in RAN2. Cell search is performed in idle mode and the absolutely most common application is the cell-reselection purpose, for which the UE receives eligible cell identities through the BCCH of the serving cell. Hence, blocking Rel-8 UEs via the BCH and not through the synchronization channel is not a limiting solution, as the inter-frequency candidate cells (i.e., component carriers) are signalled to the UE. The eNB is thus in control of preventing Rel-8 UEs from detecting certain component carriers.
A general issue is the minimum LTE-Adv UE RX bandwidth; whether that will above 20 MHz or not. If there will be LTE-Adv UEs not capable of carrier aggregation, there must be at least be one component carrier containing all physical channels for cell identification and it cannot be assumed that channels from multiple component carriers could be utilized. Moreover, if a UE has an RX bandwidth corresponding to two component carriers, then at least one of them would have to provide idle mode camping. Thus the configuration of component carriers for idle mode camping does not appear arbitrary. 

For asymmetric carrier aggregation, a number of issues have been identified in RAN1, but these all relate in some form or another to the control signalling, e.g., PHICH associations, PUCCH formats etc., and not so much to the RAN2 related domain. Some of the problems emanate from that the number of supportable component carriers is not decided, which means that one could construct particular situations (e.g., more UL than DL carriers) which require special treatment. It should be noted though, that in the identified deployment scenarios from RAN4 [3], there is no FDD case where the UL bandwidth is larger than the DL bandwidth.         

2.3 PDCCH transmission 
If one component carrier is configured as Rel-8 backwards compatible, obviously PDCCH should exist on each component carrier for scheduling SIBs and  PDSCH/PUSCH. Additionally, if a Rel-8 non-backwards compatible component carrier could support LTE-Adv UEs idle mode camping and other LTE-Adv functionalities, PDCCH is also needed.
If the PDCCH is not located on the same component carrier as the PDSCH, the consequence is that it becomes Rel-8 non-backwards compatible. Furthermore, since the SIBs in the BCH are transmitted through the PDSCH, an LTE-Adv UE cannot use the carrier for idle mode camping. This is not a problem as such since RAN2 [1] assumes support for deployments where only a subset of the component carriers are used for idle mode camping.

Furthermore, considering a possible enhanced PDCCH for new LTE-A features such as CoMP and Relay, along with the so far assumed modularity principle, it seems natural to assume that PDCCH exists on each component carrier. Further analysis of the not having the PDCCH on the same component carrier is contained in [12].
When an LTE-Adv UE can receive or transmit on multiple component carriers simultaneously and has high data rate requirements, the eNB would assign multiple component carriers to the UE. Accordingly, the UE needs to know which component carriers could be scheduled at semi-static level. According to the load status and different UE aggregation capabilities, the configured component carriers should be UE-specific. So, “UE Component Carrier Set” discussed in the RAN1 email reflector seems necessary. However, whether a subset to the UE component carrier set needs to be defined for PDCCH transmission is dependent on if RAN1 will decide to support cross-carrier scheduling.
2.4 DL/UL carrier combinations in RACH procedure
For asymmetric carrier aggregation scenario of FDD system proposed in RAN4 [13], multiple DL CCs can be associated with the same UL CC. In this scenario, from LTE-Adv UE perspective, additional DL/UL combinations than LTE Rel-8 should be allowed. 

For the corresponding RACH procedure, the main issue regards the carrier ambiguity problem, i.e., the difficulty for the eNB to determine from which DL component carrier the UE obtained the RACH resources, potentially forcing it to send RACH responses in all component carriers. Possible solutions have been presented in [5] - [11]. In this section, we summarize pros and cons of these options and give some proposal for further study. The different solutions can be summarized as the following: 
Option 1: Every component carrier broadcasts different PRACH resources (time/frequency/root sequence) [8][11]. Hence the eNB can implicitly know which downlink component carrier should be used to send random access response message according to the different PRACH resource. Option 1 can be divided into several sub-options.


Option 1-a: Each component carrier broadcasts different PRACH time/frequency resource.

Pros: 1) Saving DL radio resources; 2) Compatible with Rel-8
Cons: 1) Time/frequency limitation; 2) More restrictions on uplink PRACH resource; 3) The imbalance of access chances between LTE UE and LTE-A UE.
Option 1-b: Each component carrier broadcasts the different root sequence index, and each CC has 64 preambles

Pros: 1) Saving DL radio resources; 2) Compatible with Rel-8
Cons: 1) The number of root sequence is insufficient; 2) Decreases the reuse factor of root sequence;

Option 1-c: All component carriers commonly occupy 64 preambles in a cell and the 64 preambles are divided into several groups and distributed to different CCs. 

Pros: 1) Saving DL radio resources;

Cons:1) Degrading the initial access performance of LTE UE because LTE UE can only use a subset of preambles; 2) Not backwards compatible with Rel-8;

Option 2: The eNB sends RA response message in all the associated DL CCs. RA message 3 will implicitly or explicitly indicate the CC which UE is monitoring. There are several different sub-options indicating the DL CC which UE is monitoring. 
Option 2-a: UE includes the special bit in msg3 so that eNB can know which downlink CC that UE is monitoring. [5]

Pros: 1) Backwards compatible with Rel-8;
Cons:2) DL resource waste. 
Option 2-b: Sending different temporary C-RNTI in the RA response message in the different downlink CCs [6] [7]. Temporary C-RNTI is the scrambling initiation of Message3; eNB can recognize the downlink component carrier the UE is monitoring depended on the used scrambling code.

Pros: 1) Backward compatible with Rel-8;

Cons: 1) DL resource wastage.

Option 2-c: Allocating Different UL resources (UL grant, MCS) for message 3 in each DL CC [6][8][10][11].

Pros: 1) Backwards compatible with Rel-8;

Cons: 1) UL resource wastage (for UL grant); 3) DL resource wastage.
Another demerit of option2 is that if message 3 is decoded unsuccessfully, eNB has to send HARQ NACK in all the associated downlink CCs because eNB is not aware of the exact carrier that UE is monitoring.
Option 3: To restrict the number of downlink CCs for providing RACH. 
In the above options, each one has some merits and disadvantages and it is not easy to find a perfect solution. For variants under option 3, RAN2 may need to provide guidance if it is seen as desirable. Perhaps a suitable tradeoff could be achieved by combining some of them and further study may be done to find a desirable tradeoff solution.
2.5 Usage of same timing advance
For establishing a radio link and uplink synchronization, the UE shall conduct a random access procedure. At most one such procedure is supported at a given time and after the initial random access procedure, configuration and/or activation of additional component carriers is performed by higher layer signalling [1]. To simplify the inter-component carrier switching/synchronization procedure, RAN2 requested feedback on the feasibility of using the same timing advance command on all component carriers in the cell. 
The timing advance mechanism serves the purpose of maintaining uplink orthogonality and avoiding interference among uplink and downlink transmissions in TDD. Hence, a prerequisite for using the same timing advance command is that the component carriers are deployed at the same physical position so that the propagation delays are similar. With the 0.52 μs timing advance granularity from LTE corresponding to 156 m, it should not be a problem if the component carriers are deployed within a site. Moreover, considering that in contemporary systems such as TD-SCDMA, which supports multiple carrier configuration, the synchronization among carriers is implemented already and the minimum synchronous unit is 1/8 chip (about 1e-7s), i.e., smaller than 0.52 μs timing advance granularity. Hence a requirement that the receivers on the different component carriers should be synchronized is not be an issue within a site from implementation view.
The channel impulse responses may differ between component carriers depending on different scattering effects due to the different carrier frequencies. If the time differences of arrival for the first arriving paths of the respective component carriers are in the order of the timing advance granularity, it should be no problem to use the same timing advance. The timing granularity was in LTE set to assure acceptable BLER on PUSCH and the multiplexing of the SRS through cyclic-shifts and we may expect the same requirement for LTE-Advanced. Hence if all assigned component carriers are able to share the same timing advance, a RACH procedure is not needed in the inter-component carrier switching/synchronization procedure and the UE can directly transmit data on the new assigned component carriers with the given timing advance.
An inter-component carrier switching/synchronization procedure is illustrated in Fig. 1.
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Figure 1. Inter-component carrier switching/synchronization procedure
This procedure is consistent with RAN2’s working assumptions and can help reducing the switching/synchronization delay performance in the LTE-A carrier aggregation case.
3 Discussion

RAN2 has discussed a number of alternatives for indicating Rel-8 non-backwards compatible component carriers by the BCH. Hence, we see no reason to introduce additional physical channels for this problem, and it should be solved with the already existing channels. 

From a RAN1 perspective, we see no merits of having component carriers without synchronization channels. The consequence for RAN2 would be, that in the case where the component carrier should not support idle mode camping, that should be facilitated by indication in the BCH, similarly as mentioned above.
In a companion paper [12], we study the consequences of not having a PDCCH on each component carrier. Although some further work may be needed, the gains are not obvious to us at this point of such an approach.  

Additional DL/UL combinations than assumed in LTE Rel-8 should be allowed for LTE-Adv UEs, considering the DL/UL asymmetric scenario of FDD system. For the corresponding RACH procedure, the pros and cons of existing solutions for resolving DL RACH response ambiguity indicate that to optimize the system performance, some trade-off scheme could be considered subsequently.

To our understanding, RAN2’s assumption of multiple component carriers using the same timing advance seems reasonable and feasible, given that the uplink synchronization requirements are the same as for LTE. Further study may be needed (perhaps in RAN4) whether there will be carrier aggregation scenarios where the propagation conditions differ so much on different component carriers such that the path delays will differ greatly among them and if that would lead to unacceptable performance losses.  
4 Conclusions
· LTE-Advanced uses the same synchronization channels as LTE.

· Non-backwards compatible carriers are indicated through the BCH.

· PDCCH exists on each component carrier.
· Due to asymmetric carrier aggregation, LTE-Adv UEs may have other combinations of DL/UL carriers for RACH than in LTE Rel-8. 
· Receiver synchronization among component carriers for usage of same timing advance is feasible. 
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