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Introduction

This contribution contains a TP for [1] based on the RAN1 email reflector discussions captured in [2]. 
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Text Proposal
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7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

The channel-coded, interleaved, and data-modulated information [Layer 3 information] is mapped onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of physical resource blocks (PRB) consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account. The size of the baseline physical resource block, SPRB, is equal to MxN, where M=25 and N is equal to the number of OFDM symbols in a subframe (the presence of reference symbols or control information is ignored here to simplify the description). This results in the segmentation of the transmit bandwidth shown in Table 7.1.1.2.1-1.

Table 7.1.1.2.1-1 Physical resource block bandwidth and number of physical resource blocks dependent on bandwidth.
	Bandwidth (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Physical resource block bandwidth (kHz)
	375
	375
	375
	375
	375
	375

	Number of available physical resource blocks
	3
	6
	12
	24
	36
	48


Using other values such as, e.g. M=15 or M=12 or M=10 or M equal to other values can be considered based on the outcome of the interference coordination study.
The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

Both block-wise transmission (localized) and transmission on non-consecutive (scattered, distributed) sub-carriers are also to be supported as a means to maximize frequency diversity. To describe this, the notion of a virtual resource block (VRB) is introduced. A virtual resource block has the following attributes:

· Size, measured in terms of time-frequency resource.

· Type, which can be either ‘localized’ or ‘distributed’.
All localized VRBs are of the same size, which is denoted as SVL. The size SVD of a distributed VRB may be different from SVL. The relationship between SPRB, SVL and SVD is FFS.

Distributed VRBs are mapped onto the PRBs in a distributed manner. Localized VRBs are mapped onto the PRBs in a localized manner. The exact rules for mapping VRBs to PRBs are FFS.

The multiplexing of localized and distributed transmissions within one subframe is accomplished by FDM.
As a result of mapping VRBs to PRBs, the transmit bandwidth is structured into a combination of localized and distributed transmissions. Whether this structuring is allowed to vary in a semi-static or dynamic (i.e. per subframe) way is FFS. The UE can be assigned multiple VRBs by the scheduler. The information required by the UE to correctly identify its resource allocation must be made available to the UE by the scheduler. The number of signalling bits required to support the multiplexing of localized and distributed transmissions should be optimized.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first OFDM symbol of every sub-frame assigned for downlink transmission. This is valid for both FDD and TDD as well as for both long and short CP. 

Additional reference symbols (a.k.a. ”Second reference symbols”) are located in the third last OFDM symbol of every sub-frame assigned for downlink transmission. This is the baseline for both FDD and TDD as well as for both long and short CP. However, it should be evaluated if, for FDD, the second reference symbols are needed.
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure1 


 This figure assumes 7 OFDM symbols per sub frame according to Table 7.1.1-1 (short CP). In case of long CP or frame structure according to Table 7.1.1-2, the figure should be modified accordingly.
The spacing (in the frequency domain) between reference symbols of the same OFDM symbol and antennas is M = 6 sub-carriers [also other values of M could be studied]. The first and second reference symbols are staggered in the frequency domain as illustrated in Figure 7.1.1.2.2-1 above
The current assumption is that the position (in the frequency domain) of the reference symbols may vary from sub-frame to sub-frame and between cells. However, this assumption may be reconsidered if it is in conflict with any future conclusions regarding the E-UTRA cell-search procedure.
In the case that Layer 1 downlink control signaling (more specifically signaling or part of the signaling related to downlink and uplink scheduling) is located at the beginning of the corresponding sub-frame (still TBD if this will be the case or if the Layer 1 signaling is to be spread over the sub-frame), it is currently assumed that demodulation of this information could be carried out without using the second reference symbols of the corresponding sub-frame (however, second reference symbols of previous sub-frames may be used if available).

It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell (up to a maximum of 4 orthogonal reference signals should be supported to enable higher-order downlink MIMO) within one cell/beam. Note that, for TDD, orthogonal reference signals may not be needed between TX antennas of the same Node B if the multiple TX antennas are used for downlink dynamic beam forming. 
· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Orthogonality between reference signals of different TX antennas of the same cell/beam is created by means of FDM. This implies that the reference-signal structure of Figure 7.1.1.2.2-1, with different antenna-specific frequency shifts, is valid for each antenna. CDM should be evaluated as an alternative.
In case of orthogonality between reference signals of different cells/beams belonging to the same Node B, the orthogonality is created in the code domain, i.e. the (frequency domain) sequence of reference symbols are multiplied by mutually orthogonal patterns. [The assumption regarding CDM-based orthogonality between reference signals of cells/beams of the same Node B is to be confirmed by means of system-level evaluation.]
Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO.
Furthermore, to provide channel estimates for coherent demodulation of multi-cell MBMS transmission, the following approaches are to be considered:

· Cell-common reference signals (transmitted only in the sub-frames in which MBMS is transmitted).
· Cell-specific reference signals, together with group scrambling.
Cell common reference signals is the baseline reference signal structure for multi-cell MBMS transmissions. Support of cell-specific reference signals together with group scrambling is FFS. A decision on multi-cell MBMS reference signal structure will be made based on throughputs offered by each candidate scheme under evaluation conditions to be agreed to.
[…]

7.1.1.6
MBMS

MBMS transmissions may be performed in the following two ways:

- Multi-cell transmissions

- Single-cell transmissions

In case of single-cell transmission, the MBMS traffic channel (MTCH) can be mapped to the DL shared data channel (DL-SCH). In case of multi-cell transmissions, the MTCH may be mapped to another transport channel type.

In case of multi-cell transmission the cells and content are synchronised to enable for the terminal to combine the energy from multiple transmissions without additional receiver complexity. Tight inter-cell synchronization, in the order of substantially less than the cyclic prefix, is assumed in order for the UE to be able to combine multi-cell MBMS transmissions. Also, in case of cell-common reference signals, the reference symbol design needs to be such that those reference symbols needed for MBMS reception are identical in all cells to be considered for combining. 
One dimension of the MBMS design is whether the MBMS transmission is actually sharing the same carrier with unicast traffic or not. For instance, for mobile TV, MBMS data can be sent on a separate carrier not carrying anything other than broadcast/MBMS related information. In that case, the MBMS design shall be able to efficiently benefit from such a situation.

It is desirable to have MBMS transmissions at high instantaneous data rates so that low transmission duty cycle per MBMS “channel” (source content) enables low power consumption for MBMS capable UEs. This may impose some requirements in the multiplexing of different multicast source contents at the physical layer. For the case of multiplexing unicast and multicast traffic within the same carrier, enabling low UE power consumption should be considered in the evaluation of the unicast/multicast multiplexing schemes depicted below. 
In systems with unicast and multicast traffic multiplexed within the same carrier, FDM/TDM transmission of unicast and multicast traffic is considered.  TDM, i.e. multicast traffic being the only traffic being transmitted in a given sub-frame, is a special case of FDM multiplexing (multicast traffic and unicast traffic multiplexed in the the frequency domain within the same sub-frame),and is not precluded, especially for system bandwidths lower than or equal to minimum UE RF capability. FDM approach is needed to support system bandwidths larger than minimum UE RF capability. The MBMS control information shall be designed to support both types of multiplexing and the actual configuration will be deployment specific (based on e.g., system bandwidth). TDM multiplexing of different MBMS streams is supported to minimize the MBMS reception time at the UE.

· 
· 
Intra-sub-frame multiplexing with DL L1/L2 control channel is supported. DL L1/L2 signalling associated with uplink data transmissions, e.g. scheduling grants and HARQ ACK may need to be transmitted in every DL sub-frame. The exact multiplexing of such L1/L2 signalling with the multicast transmission is FFS. The reference signal and control information structure for unicast transmissions is unchanged irrespective of whether or not there is multiplexing with multicast transmissions within one sub-frame..  
When there is no unicast data traffic in sub-frames carrying MBMS, it is to be considered if all the reference signals of Figure 7.1.1.2.2-1 need to be transmitted. In case that not all the reference signals are transmitted in certain sub frames, the impact on L1/L2 control, CQI and synchronization performance needs to be carefully evaluated.

It is to be considered if limiting unicast and multicast transmission multiplexing to inter-sub-frame TDM within a 10 MHz bandwidth would lead to a simplified channel structure without significantly impacting efficiency.

The associated L1/L2 control channel for MTCH may be transmitted less frequently than the associated L1/L2 control channel for DL-SCH. At least the cell specific related MBMS control information is transmitted in a cell-specific manner to allow multiplexing of single-cell and multi-cell MBMS traffic.
In case of multiplexing MBMS transmissions is handled using a separate carrier

· There is only TDM multiplexing between different services

· Only long CP is considered for evaluation

· Bandwidths of 5 and 10 MHz are considered for evaluation

The L1 coding and modulation chain for MBMS transmissions is the same as unicast transmissions as a baseline.
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