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1. Introduction
Since the allocation of Uplink and Downlink orthogonal resources has to be controlled by the network, one of the largest challenges in an OFDM based system is to keep the control overhead in the downlink within reasonable limits. 

In this contribution we try to start an initial discussion on 3 related aspects:

1) What would be a reasonable control overhead level for the downlink ?

2) What channels/functionality apart from scheduling commands are using this control overhead ?

3) Considering 1) and 2), how many scheduling commands do we expect to be able to indicate per subframe ?
It should be noted that this contributions does not intend to provide any “final view” on these issues, but is merely trying to establish a first common view on these aspects. Future progress in both RAN1 and RAN2 will for sure result in changes to the indicated figures.

2. Reasonable control overhead level for the downlink ?

We assume that in general orthogonal systems will have a somewhat higher control overhead since resource allocation needs to be “more precise”.
In this contribution we assume that it would be reasonable to have a control plane overhead of 2 OFDM symbols every subframe per subcarrier. This would mean that e.g. in a 5MHz system, the control overhead should not take more than 600 subcarrier symbols. This will result in a total control overhead of 2/7 = 28%. 

Of course this number can be debated and we welcome other views on this.
3. Control overhead apart from scheduling commands ?

For the downlink, we have identified the following control overhead:
1) Distributed pilots
2) SCH

3) BCH

4) ACK/NACK signalling for uplink HARQ

5) PCH

We will now discuss each of them in turn.

3.1. Distributed pilots

Our current understanding is that distributed pilots will take something like 2 symbols per subframe every 6th subcarrier.
Thus e.g. in 5 MHz, 300 subcarriers, 300/6*2 => 100 symbols/subframe. 

3.2. SCH

We assume SCH will occupy 4 (or 5) OFDM symbols per 10ms frame of the centre 75 subcarriers, e.g. distributed over the 1st/6th/11th and 16th subframe at the start or end of the subframe.
Thus e.g. in 5MHz, the average overhead per subframe is 75 * 4/20 => 15 symbols/subframe.
Note that in a 20Mhz system the centre 150 subcarriers may be used.
3.3. BCH

In UMTS the BCH had a L1 bit rate of  30kbps which corresponds to some 270 bits every 10 ms. With QPSK modulation, 270 bits would result in 135 symbols/frame, or 7 symbols/subframe.

Probably the LTE-BCH will need to be somewhat bigger e.g. because there are more neighbouring cells to be indicated. Thus we will assume an overhead of => 10 symbols/subframe.
3.4. ACK/NACK signalling for UL HARQ 

Let’s assume that in 5Mhz we have transmissions from 10 users in the UL, and from each one an ACK/NACK indication is required to be received.

Let’s assume for robustness we need 2 repetitions, so in total =>  20 symbols/subframe

3.5. PCH
Also paging can be considered control plane overhead. 

It is difficult to estimate the paging load in LTE, e.g.

· It might be related to both the LTE_IDLE and LTE_ACTIVE/MAC_Dormant cases. 

· To a considerable extent it will be network controllable (e.g. how quickly do you put a UE in power saving state) ?

For the moment we have not taken the PCH overhead into account.

3.6. Situation in a 5MHz system
Figure 1 shows the resulting situation in a 5MHz system.
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Figure 1: Control overhead in 5MHz system

4. How many UL/DL scheduling commands per subframe ?

The last question we try to address is how many scheduling commands we could include per subframe while still not exceeding the “reasonable level of DL control overhead”.
In order to answer this question we need to know how large the scheduling command will be. Again it is a bit premature to answer this question in detail since there is no agreement yet on what information will be contained in the scheduling commands. The latest status of the formats was agreed in [1] on which the analysis below is based.

4.1. DL scheduling command format
Ref. [1] includes the following table for downlink scheduling information:
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Figure 2: Format of DL scheduling command [1]
If we assume a 10 bits UE-id, 12 bit for indicating 12 VRBs, 2 bits for duration and 2 bits for MIMO, the total will be 40 bits. In case of fully adaptive asynchronous HARQ, this control overhead is required for every transmission.
One could argue that the size of the “resource assignment” should vary depending on the BW size. E.g. in a 20MHz system, a 48 bit bitmap would be required. Given the agreed minimum UE capability limitations, and considering that probably smarter resource assignment possibilities exist, we have assumed the same size regardless of the BW.
4.2. UL scheduling command format
Ref. [1] includes the following table for link scheduling information:
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Figure 3: Format of UL scheduling command [1]
If we again assume a 10 bits UE-id, 8 bits for indicating the resource assignment (less flexibility in the UL), 8 bit TF, 2 bits for duration and 2 bits for MIMO, the total will be 30 bits
. 

In the UL, synchronous HARQ will be used. If we assume that no control overhead is required for retransmissions, and on average we will have 2 transmissions, the average UL overhead becomes 15 bits.

4.3. How many scheduling commands ?
For the scheduling commands we will probably most of the time need quite a robust encoding. Therefore we assume QPSK modulation and code rate 1/4th. As a result, one UL and DL command together will require 110 symbols.

Table 1 shows an overview on the calculated number of scheduling commands that can be included on average in the different system BW’s. 
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Table 1: Allowed number of scheduling commands
Note 1:
The table assumes that an equal number of UL and DL transmissions are used.

Note 2:
The last row is describing the case of having 2 BCH’s and 2 SCH’s in a 20MHz system, in order to limit cell reselection/measurement problems.  It can be noted that even with 2 SCH’s/BCH’s, still the scheduling flexibility is larger in the corresponding 20Mhz system than in lower BW systems.

The indicated numbers seem relatively reasonable if we compare them with an HSDPA system working with 4 HS-SCCH’s: HSDPA would allow 4 UE’s to be scheduled every 2ms, whereas LTE would allow 16 UE’s to be scheduled in 2ms.

5. Proposal

We would welcome if RAN2 could:

1) Discuss the reasoning of this contribution and verify whether there are any errors or omissions that can be identified at this stage;

2) Agree on some “reasonable level of DL control overhead”;
3) Discuss what should be a minimum number of supported DL/UL scheduling commands without causing excessive DL control overhead.
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�  This is based on the assumption that in the ENB will indicate the UL TF to be used, and the Cat3 information is included in an UL control channel





