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Introduction

In order to facilitate downlink scheduling, it is necessary to indicate to terminals when and where they have been scheduled downlink time and frequency resources. There exists a tentative assumption that control information indicating scheduling allocations will be located in the first OFDM symbol of a subframe ([1] section 7.1.2.2) to facilitate “micro sleep” for terminals that have not been scheduled.

In [2] we proposed a control signalling structure with the following properties:

· Separate coding of information for each user to allow for power control (based on received CQI in the uplink)

· For localised users, allocation information located in the same VRB as the scheduling allocation on the first symbol. A user is scheduled when the control information corresponding to a particular VRB indicates his RNTI 

· For dedicated users, allocation information, again consisting of the UE ID and in the same VRB as the actual allocation.

· Use of run length coding in time and frequency to reduce allocation signalling overhead. Where tones are not require for signalling, they can be utilised for data.

· Data dependent signalling placed within the allocation at a known location (and not coded together with the allocation information).

· Uplink scheduling information is indicated separately according to [6]
The merits of joint vs individual coding are examined in [5], which finds individual coding to be preferable as this facilitates power control. The amount of signalling that can be supported is examined in [4] which establishes that all control information can be transmitted in 1 OFDM symbol for localised users, whilst distributed users may require some additional tones and energy in the second symbol.

The advantages of the proposal are as follows:

· Power control facilitated for both localised and distributed users

· Localised control signalling placed at frequencies for which the user to be signalled has a good radio channel

· Distributed signalling also distributed

· Compatible with all basestation and terminal bandwidth options

· Possibility to facilitate blind detection of localised/distributed allocations without a large complexity hit for the terminal [7].

Based on these advantages, we propose the following text for the RAN1 TR.
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Text Proposals
---------------------------- Start of first text proposal -------------------------
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.
It is assumed that Layer 1 downlink allocation signaling (more specifically signaling or part of the signaling related to downlink scheduling) is located at the beginning of the corresponding sub-frame and 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).

Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO. Also, whether the above reference-signal structure should be directly applicable to SFN-based multi-cell multicast/broadcast or if some additions/extensions in this case are needed is FFS.
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.]

------------------------- End of first text proposal ---------------------

------------------------- Start of second text proposal ------------------------

1.1.1 7.1.2.1

Scheduling
The Node B scheduler (for unicast transmission) dynamically controls which time/frequency resources are allocated to a certain user at a given time. Downlink control signaling informs UE(s) what resources and respective transmission formats have been allocated. The scheduler can instantaneously choose the best multiplexing strategy from the available methods; e.g. frequency localized or frequency distributed transmission. The flexibility in selecting resource blocks and multiplexing users (7.1.1.2) will influence the available scheduling performance. Scheduling is tightly integrated with link adaptation (7.1.2.2) and HARQ (7.1.2.3). The decision of which user transmissions to multiplex within a given sub-frame may for example be based on

· QoS parameters and measurements,

· payloads buffered in the Node-B ready for scheduling,

· pending retransmissions,

· CQI reports from the UEs, 
· UE capabilities,

· UE sleep cycles and measurement gaps/periods,

· system parameters such as bandwidth and interference level/patterns,

· etc.
The downlink control signalling consists of two components; resource block allocation information and data specific information, such as TFCI, modulation and HARQ parameters. The data data dependent information should be located within the allocated resource at a known location. The allocation information consists of a UE ID and indications of the amount of consecutive allocated VRBs in time and frequency and shall be located as follows:

· For localised users, on the available tones of the first OFDM symbol of the localised VRB

· For distributed users, on available tones in the first or first/second (FFS) symbols of the distributed VRB

Allocation information is coded separately for each user and subject to CQI based power control. The number of consecutively allocated VRBs in time/frequency fields are used to implement run length coding of the allocation information. Where signalling of subsequent consecutive allocations is not necessary due to run length coding, the tones of the first (/second) OFDM symbols that would otherwise be allocated to control information should be used for data.
Methods to reduce the control signaling overhead, e.g., pre-configuring the scheduling instants (persistent scheduling) and grouping for conversational services, should be considered. In addition it should be determined if grouping can more efficiently use time frequency resources resulting in higher capacity.
----------------------------------- End of second text proposal -----------------------------
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