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1. Introduction

At RAN2 #72bis, dedicated signalling of CSI RS configuration was once agreed based on [1]. However, this decision was later reverted during the meeting when the corresponding CR was presented, since there was some confusion in the status of discussion in RAN1. Meanwhile, at RAN1 #63bis, discussion took place in RAN1 regarding UE capabilities for the UL and DL MIMO features. Regarding the feature group for transmission mode (TM) 9 with 8 Tx antennas, RAN1 concluded to recommend to TSG-RAN that the feature should be optional for FDD [2]. This was mainly considering that IOT opportunity may not be available for 8 Tx operation at the initial deployments of Rel-10. In such a case, when 8 Tx network is deployed later on, UEs which are only capable of up to 4 Tx MIMO may have problems to connect to an 8 Tx eNB. Note that even though only TM 9 with 8 Tx is considered optional, there are no guarantees in practice that IOT problems also for fewer number of Tx antennas do not arise for Rel-10. In this contribution, this issue is studied to find an appropriate solution in terms of CSI RS signalling.
2. Relationship between CSI RS and CRS

At RAN1 #62 it was agreed that Rel-8 CRS and Rel-10 CSI RS ports can be independently configured. Figure 1 shows an example, where a 4 Tx eNB is configured with 4 CSI RS ports and 2 CRS ports. From the overhead view point, configuring 2 CRS ports instead of 4 CRS ports is desirable. UEs supporting transmission mode (TM) 9 can initially establish connection based on 2 CRS just like a Rel-8 UE. After the UE enters connected mode as a Rel-10 UE, the UE can measure 4 CSI RS ports and produce corresponding CSI feedback.
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Figure 1: An example of 4 Tx eNB with 4 CSI RS and 2 CRS ports.
3. Supporting 4 Tx MIMO UE in 8 Tx networks
When a 4 Tx eNB is upgraded to support 8 Tx, we need to consider how to support TM9 capable UEs that only support up to 4 Tx MIMO. The following two options can be considered.
· Option1:
The UE is handled by one of the Rel-8 transmission modes based on 2 or 4 CRS ports.
This option is already possible by independent configuration of CSI RS and CRS. However, if the number of CRS ports is two, 4 Tx MIMO capable UEs are downgraded to Rel-8 2 Tx MIMO. This implies that an upgrade of the network to 8 Tx would rather downgrade performance of existing 4 Tx MIMO capable UEs. This is highly undesirable from the network evolution view point.
· Option2:
The UE is handled by TM9 with 4 CSI RS ports (the same as before the network is upgraded to 8 Tx).
From network migration point of view, this option is required to be supported, i.e., network evolution should not negatively impact the legacy UEs. This option could be enabled by allowing the eNB to signal different CSI RS configuration to 8 Tx MIMO and 4 Tx MIMO UEs. 


Figure 2 shows examples of independent CSI RS configuration for 4 Tx and 8 Tx MIMO UEs. In Example 1, the eNB transmits 8-port CSI RS. In this case, the eNB can configure 8 Tx MIMO UEs with the 8-port CSI RS pattern, while configuring 4 Tx MIMO UEs with the 4-port CSI RS pattern together with a muting pattern, which would match the 8-port CSI RS pattern. In this case, the 4 Tx MIMO UEs would measure the configured 4 CSI RS ports and produce corresponding CSI feedback. The muting configuration ensures correct rate matching of the PDSCH. In Example 2, the eNB transmits 8-port CSI RS and 4-port CSI RS. In this case, the eNB can configure 8 Tx MIMO UEs with the 8-port CSI RS pattern together with a muting pattern which would match the 4 CSI RS pattern, while configuring 4Tx MIMO UEs with the 4-port CSI RS pattern together with a muting pattern which would match the 8-port CSI RS pattern.
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Example 2
Figure 2: CSI RS configuration to support 4 Tx MIMO UE in 8 Tx networks.
Note that further IOT problems concerning supported number of CSI RS may arise as Rel-10 approaches wide-spread deployment. The extent to which all UEs will have correctly implemented all of the CSI RS configurations for 1, 2, 4, 8 Tx is at this early stage hard to say. Hence, similar IOT problems as described above may occur also for fewer number of Tx antennas. Based on this and the above analysis, the following is proposed.
Proposal: 

· It should be possible for a Rel-10 eNB to configure different CSI RS/ muting configurations for different UEs in a cell.
· One example use case:
· One configuration for UEs supporting 8 Tx MIMO, and another for UEs supporting 4 Tx MIMO.
· Muting configuration (together with each CSI RS configuration) to ensure correct rate matching to receive the PDSCH.
4. Signalling of CSI RS configuration 

The following two alternatives can be considered to signal the CSI RS/ muting configurations.
· Alt1:
System information

With this alternative, multiple CSI RS and muting configurations are transmitted by system information, e.g., one configuration for 8Tx MIMO UEs and another for 4Tx MIMO UEs.

· Alt.2:
Dedicated RRC signalling
With this alternative, CSI RS and muting configurations are transmitted in a dedicated RRC message, i.e., within physicalConfigDedicated and physicalConfigDedicatedSCell.
RRC signalling have so far been developed based on a general principle that information is included in system information only if the information is applicable to an RRC_IDLE UE or if the information is essential to access the network. Non urgent information is normally included in dedicated signalling and provided to the UE upon entering RRC_CONNECTED or later on by reconfiguration. Although CSI RS and muting configurations are cell specific, these information are neither relevant for RRC_IDLE UEs nor essential in accessing the network.

Figure 3 shows the timing when the eNB can start transmitting PDSCH with rate matching on CSI RS subframes to a Rel-10 UE. In case system information is used (Alt.1), the UE is informed of the CSI RS configuration at a much earlier timing. However, PDSCH transmission on the CSI RS subframes is possible only after the eNB has acquired the UE capability information (normally provided from the MME by S1 Initial Context Setup). In case dedicated signalling is used, CSI RS configuration can be provided to the UE in the RRCConnectionReconfiguration message after the eNB has acquired the UE capability information. Thus, the difference in timing, when the PDSCH can start to be utilised on the CSI RS (PDSCH muting) subframes, is very small. Furthermore, DL U-plane packets would only start to arrive at eNBs after the GTP-U TEID has been notified to the S-GW. Hence, from U-plane performance perspective, the two alternatives have no difference at all. In addition, dedicated signalling would be more flexible considering future CoMP/ ICIC schemes that require CSI RS configuration of multiple cells.
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Figure 3: Timing when eNB can start transmitting PDSCH with rate matching on CSI RS subframes.
Based on the above analysis, the following is proposed.
Proposal: 

· CSI-RS-Config should be transmitted in dedicated signalling. More specifically, it is included in physicalConfigDedicated and physicalConfigDedicatedSCell.

5. Conclusion
How to support 4 Tx MIMO UE in 8 Tx networks was studied, considering that TM9 with 8 Tx for FDD is recommended by RAN1 to be an optional feature. Our proposal is summarized as follows.
Proposal: 

· It should be possible for a Rel-10 eNB to configure different CSI RS/ muting configurations for different UEs in a cell.
· One example use case:
· One configuration for UEs supporting 8 Tx MIMO, and another for UEs supporting 4 Tx MIMO
· Muting configuration (together with each CSI RS configuration) to ensure correct rate matching to receive the PDSCH
· CSI-RS-Config should be transmitted in dedicated signalling. More specifically, it is included in physicalConfigDedicated and physicalConfigDedicatedSCell.
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