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1. Abstract

A TDM DL L1/L2 control channel provides a number of UE implementation benefits, including reduced control channel latency, number of HARQ channels, and microsleep capability. These features will be very important in distinguishing the cost and battery life of LTE UE’s from competing systems on the market in ~2010.
2. Microsleep
Previous contributions [1,2,3] have evaluated or considered the potential of, after reading UL/DL grant allocations on the DL, turning off RF functions until the next control channel cycle. It was estimated that for a 0.5ms TTI of 7 OFDM symbols, turning on, receiving and decoding the control channel, and turning off, could be accomplished in effectively 4 to 5 OFDM symbols, for a savings of 2 to 3 of 7 symbols. With a 1ms TTI, the potential savings is much greater, approximately 9 to 10 out of 14 symbols in a TTI.

3. Delay
A TDM control channel may be decoded much sooner than an FDM control channel, at for example before the midpoint of the first subframe rather than after the end of the TTI. The additional delay has implication to HARQ, as described in the next section, but also has implications on the buffering and storage requirements when not considering HARQ. The exact savings is implementation specific, but in general with FDM control more storage and/or processing is required. For example, the TDM or FDM control informs the UE of the modulation to use for decoding. Until the modulation is known, pre-LLR samples of the entire frame must be stored, and LLR processing/storage may occur for the current TTI while the next TTI is being buffered. This is one reason for the ‘part 1’ HS-SCCH control structure developed for HSDPA. In general, UEID, resource assignment, modulation, and multiple antenna (e.g., codebook or dedicated RS indication) determination all need to occur as soon as possible.  See also Annex A for other low latency control channel benefits.
4. HARQ
The increased latency for FDM control will result in additional HARQ channels required in the system (see Table 1). These additional channels may cause reduced data channel performance (e.g., fewer HARQ retransmission attempts before giving up) and increased control channel overhead (e.g., may need more bits to signal the HARQ channel if more than 4 or 8 channels are needed). Perhaps most significant is the impact to the UE in that memory and buffering is related to the number of HARQ channels. If 5 channels are needed instead of 4 channels, the memory increase for a fully capable UE is 25%. 
Table 1 – Smallest supportable N (N-channel S&W protocol) for different 
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	4
	2/14 ms

	5
	0.5 ms

	5
	1.0 ms


Figure 1 shows N-channel stop-and-wait HARQ protocol timing diagram accounting for each source of latency. It shows N=4 is possible with TDM L1/L2 Control Channel since the scheduling grant duration (
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) is only 2/14 ms in duration but N=5 is needed for FDM L1/L2 Control Channel (
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 = 0.5 or 1.0 ms).
Note that in the figure the following equations are used to represent the different delay components:
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Assuming minimum 
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If 
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 is 2/14 ms (TDM) then 
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And if 
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The 1-way propagation delay (
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) is 0.33ms for 100km and 0.166ms for 50km. Therefore, the smallest supportable N for N-channel stop-and-wait protocol is given as 
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Figure 1 - HARQ latency with TDM L1/L2 control channel (scheduling grant).
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ANNEX A – MIMO feedback reduction from lower latency control channels

Another benefit of only using the first two (n=2) OFDM symbols in a TTI for control channels is that it enables the ability to trade-off delay for some other benefit.  For example, one benefit from such a trade-off is the possibility of a significantly reduced MIMO feedback overhead.  That is, a scheduling assignment can be sent in a given TTI (via L1/L2 control channel) but the resource assignment would actually occur in the following TTI.  This gives the UE time to start reporting MIMO feedback and the eNodeB time enough to receive the feedback and adjust antenna weights by the time of the packet transmission. Note the UE's CQI feedback would always reflect MIMO operation in this case.  With large 'n' this would not be possible since the UE would not know about its assignment until the end of the TTI containing the scheduling assignment and hence not have time to even provide MIMO code book element feedback.
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