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1 Introduction
DL MIMO enhancement has been investigated as a key feature of LTE Rel-10. Self-evaluations for ITU submissions have shown that DL MU-MIMO enhancement promises a significant gain in system performance. DL higher-order MIMO supporting up to 8 transmit antennas has also been discussed to double the peak data rate as well as to improve the system performance.
Dynamic switching between SU-MIMO and MU-MIMO has been agreed from RAN1#59. This agreement means switching between SU-MIMO and MU-MIMO transmissions is possible without RRC reconfiguration. On the other hand, the issue on how many DL transmission modes to be introduced for LTE Rel-10 is still open.
In this contribution, we identify general issues on DL transmission modes in LTE Rel-10.

2 Review of the DL transmission modes in LTE Rel-9
Table 1 lists the DL transmission modes in LTE Rel-9 [1].
Table 1. DL transmission modes in LTE Rel-9

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and UE specific by C-RNTI
	Single-antenna port, port 0

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0

	Mode 2
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity

	Mode 3
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD or Transmit diversity

	Mode 4
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing or Transmit diversity

	Mode 5
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO

	Mode 6
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing using a single transmission layer

	Mode 7
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port; port 5

	Mode 8
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission; ports 7 and 8 or single-antenna port; port 7 or 8


Transmission modes 1-7 have been supported from LTE Rel-8 and transmission mode 8 was introduced for LTE Rel-9. Since LTE Rel-10 will support DL higher order SU-MIMO, which cannot be signalled with the existing DCI formats, at least one new DCI format needs to be newly defined.

MU-MIMO

DL MU-MIMO is supported only by transmission modes 5 and 8. DCI format 1D belonging to transmission mode 5 is a compact one which can signal a DL MU-MIMO assignment. It uses resource allocation type 2 for compact signalling of scheduled downlink resources and is limited to rank-1 assignment only. Since PDSCH transmission signalled by DCI format 1D uses common reference signals as demodulation references, precoding is constrained to be within the predefined precoder codebook. Accordingly, the gain from DL MU-MIMO is restricted to the granularity of the precoder codebook. To improve the flexibility of MIMO precoding, LTE Rel-9 introduced DM-RS based PDSCH transmissions which use UE-specific reference signals as demodulation references. By virtue of precoded DM-RS, precoding is no more constrained to be within a precoder codebook so that improved precoding gain for SU-MIMO as well as MU-MIMO is achievable by well-designed precoding algorithms. DCI format 2B belonging to transmission mode 8 has been designed to support so called dual layer transmission for this purpose. However, since this dual layer transmission was designed to support up to rank-2 transmissions, DCI format 2B was designed by simple modification from DCI format 2, which was originally designed for open-loop spatial multiplexing. Hence, DCI format 1D is much lighter than DCI format 2B. This means DCI format 1D has the potential to reach a UE with worse channel experience for a given transmission energy than DCI format 2B. In other words, transmission mode 5 requires less signalling overhead than transmission mode 8 for MU-MIMO.
Fallback operation

For each transmission mode, two transmission schemes are supported. One is for the fallback operation. This is to ensure that a UE will not lose the connection with the serving eNB in any abnormal case. For example, if a UE in transmission mode 4 experiences a severely worse channel condition than when the mode was initially configured, it is not efficient to keep the transmission scheme of closed-loop spatial multiplexing. In this case, the eNB will try to change the transmission mode by sending an RRC signalling to the UE. However, in case where it is impossible to reliably transmit the RRC signalling with closed-loop spatial multiplexing due to the channel condition change, the eNB will use the transmit diversity scheme allowed in the fallback operation. Since the transmit diversity scheme is the most robust scheme among the transmission schemes defined in LTE Rel-9, the fallback operation guarantees reliable connection with the serving cell during the RRC re-configuration phase.
3 Potential issues in LTE Rel-10
In this section, we identify potential issues for RAN1 to discuss further for completion of LTE Rel-10.

DL transmission modes introduced in LTE Rel-10
As discussed in the previous section, we have two transmission modes supporting MU-MIMO so far. Transmission mode 5 uses a compact DCI format, DCI format 1D, with constraints of rank-1 and contiguous RB assignments. On the other hand, transmission mode 8 uses a non-compact DCI format, DCI format 2B, without such constraints.
It has bee agreed from RAN1#59 that LTE Rel-10 DL will support dynamic switching between SU-MIMO and MU-MIMO without RRC reconfiguration. Accordingly, at lease one new DCI format needs to be designed to support up to rank-8 assignments. This new DCI format should be based on DCI format 2 to include information elements of two separate transport blocks causing it to be relatively heavier in payload size compared to DCI format 1D.

As observed in [2], PDCCH capacity needs to be improved to maximally achieve system performance enhancements from MU-MIMO. One simple solution is to define a lighter version of the DCI format. Following the agreement of dynamic switching between SU-MIMO and MU-MIMO, the compact DCI format should be able to signal not only MU-MIMO but also SU-MIMO. If such a compact DCI format for DL assignments is introduced in LTE Rel-10, then at least two new DL transmission modes needs to be defined:

· One is for DL assignment with certain constraints for compact design [3]
· The other is for DL assignment with no such constraints. 
Proposal: Define two new transmission modes for LTE Rel-10 DL. Transmission mode 9 is to enable higher order MIMO via non-compact DCI signalling and transmission mode 10 is to save DL control signalling overhead via compact DCI signalling.
Rel-9 DL transmission modes for Rel-10 UE
Even though Rel-10 UE can take benefit from Rel-10 DL transmission modes, e.g. transmission modes 9 and 10, it may need to be configured in one of Rel-9 DL transmission modes depending on UE’s channel condition. For example, transmit diversity or open-loop spatial multiplexing can be beneficial even to Rel-10 UE experiencing fast fading. In this case, transmission mode 2 or 4 will be configured to the Rel-10 UE. Moreover, since the transmission schemes assumed in such new transmission modes require the additional DM-RS overhead on top of Rel-8 or Rel-9 reference signals overhead, it may be beneficial to use the transmission scheme of closed-loop spatial multiplexing allowed in transmission mode 4 or that of dual layer transmission in transmission mode 8.
Proposal: Do not prohibit even Rel-10 UE from being configured in an existing transmission mode defined in Rel-8 or Rel-9.
Fallback operation in Rel-10 DL transmission modes
As listed in Table 1, all the DL transmission modes support the fallback operation. Following the same principle, we propose to support the fallback operation in Rel-10 DL transmission modes and the Rel-8 transmit diversity scheme is used as the transmission scheme for the fallback operation.
Proposal: Support the fallback operation using Rel-8 transmit diversity in Rel-10 DL transmission modes.
Based on the discussion above, we suggest introducing the DL transmission modes listed in Table 2 to LTE Rel-10.

Table 2. New DL transmission modes in LTE Rel-10

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 9
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 2C
	UE specific by C-RNTI
	Higher order MIMO; DM-RS port(s)

	Mode 10
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 1E
	UE specific by C-RNTI
	Single-antenna port; a DM-RS port


4 Summary
In this contribution, we discussed several potential issues related to DL transmission modes in LTE Rel-10. Proposals are summarized as follows:
· Define two new transmission modes for LTE Rel-10 DL.
· Transmission mode 9 to enable higher order MIMO via non-compact DCI signalling.

· Transmission mode 10 to save DL control signalling overhead via compact DCI signalling.
· Do not prohibit even Rel-10 UE from being configured in an existing transmission mode defined in Rel-8 or Rel-9.
· Support the fallback operation using Rel-8 transmit diversity in Rel-10 DL transmission modes.
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