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1  Introduction

This document describes possible system architectures for LTE-Advanced, and considers questions that arise with each of the various architectures.
If relays and advances in ICIC are to be used for LTE-Advanced, some changes to the architecture of Release 8 are inevitable, and the questions in this submission need to be addressed.
The next section presents several of the various issues associated with relays; it seems these changes have the most potential impact to the architecture compared to the LTE architecture.  Following that will be a discussion of other possible architecture changes.  All of these changes and issues are based on a “side-by-side” reading of TR 36.300 [1], TR 36.913. [2], and TR 36.212 [3].
2   Relay issues
There are several possible alternative architectures based on the types of relays to be used (if any), and their functionality.  We capture some of these issues in Table 1, using User Plan protocol concepts as based on [4].

Table 1  Architecture Issues

	Type of Relay
	Protocol stack
	Assumptions
	To Be Determined:
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	· Relay regenerates upper layer protocols (IP, UDP, etc.) to “fake” the eNB into thinking it’s got packets from a UE.

· May not be same MCS as that determined by UE/eNB interactions…

· Communication to AeNB is orthogonal to UE to Relay or UE to Node B communication (either via Fiber or on orthogonal channels.)

· Cooperative Relays are “attached” to particular AeNBs.

· They must be transparent to R8 UEs


	· Interactions with HARQ/retransmission of packets.

· Is it beneficial to have ccoperative/collaborative retransmission and MCS decisions?

· How does UEs “connect” w/ relay? Do they also connect w/ other eNB? 
· Impact on UE complexity [2]?
· Delay
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	· L2 relay decodes packet from UE.


	· What about a L2 relay that is a relay to some UEs, but eNb to other UEs? Is that possible?

· Cooperation? Yes or no?

· Efficiency/capacity better or worse than L3 relay?

· Should MCS change?  

· Does the L2 relay decode and forward everything? If not under what circumstances does it not forward? 

· How do UEs “connect” with relay? Legacy UEs

· Signaling

· MIMO
· Impact on UE complexity [2]?


	L1 Repeater
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	· Relay is amplifier.


	· If power control is applied to L1 repeater what is the signaling/capacity tradeoff?
· Impact on UE complexity [2]?



3  Mapping to physical channels and functional split
Is there any reason to change the mapping of transport to physical channels from that described in TS 36.212 [3]?  Is there any reason to change the functional split of TS 36.3000 section 4.1 beyond any possible changes for relay functionality?  At the present time we do not see such needs.  
4   Physical-layer processing  
We anticipate that the PHY processing will follow evolution from LTE; (R8); as such processing as mentioned in TS 36.300 will be adapted to handle new or more complex spatial processing on the uplink and downlink. 

4.1 Uplink
The uplink physical layer processing of transport channels consists of the following steps:

-
CRC insertion

-
Channel coding;
-
Physical-layer hybrid-ARQ processing;

-
Scrambling: UE-specific scrambling;

-
Modulation: QPSK, 16QAM, and 64 QAM 
-
Mapping to assigned resources and antennas.
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Figure 1  Possible Uplink LTE-Advanced PHY
4.1.1 Possible Uplink Changes

· UL Diversity switching, SDMA, coding and signaling
· Possible CQI changes (due to, e.g., multi-site MIMO)
· Relay signaling, aggregation from relay to AeNB, etc.
4.2 Downlink
Major Features do not change; only channel numerology reference signal mapping change and possibly modulation change. 

We anticipate that the DL will look largely as it does in R8, with dimensions being changed for the number of antennas, etc., as in Figure 2.
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Figure 2  Downlink physical processing may not change substantially (excluding relays)
4.2.1 Changes:
· Downlink Control Signaling changes for:
· Expanded use of MIMO, number of atennas
· Relay interaction
· Additional reference signals
· Relay Receiver changes (modulation, coding, disaggregation, etc.)
· If Network/multi-site MIMO then the X2 interface will change.
5  Conclusions

We have presented some issues that arise with possible changes in the architecture of LTE-Advanced.  In particular any wireless relay alternatives will have signaling and functionality that is significantly different from present LTE functionality.
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