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1 Introduction

In the LTE TDD ad hoc in Beijing, we provided a contribution discussing logical uplink subframe indication i.e. uplink time domain hopping [1], especially for uplink LFDMA channel. The main concerns from companies are about the UE/Node B processing time. Hence we provide more analysis on the UE/Node B processing issues.
2 Uplink time domain hopping scheme
In uplink resource scheduling, the allocated uplink subframe(s) by uplink grant channel is defined as a kind of logical information, and then logical uplink subframe index is mapped to physical subframe index for each transmission/retransmission in a cell specific manner. By adopting such cell-specific mapping from logical indication to physical subframe index(es), inter-cell interference randomization is realized, which is especially beneficial for UL LFDMA channel using Synchronized HARQ. 

Figure 1 shows an example for the operation of modified S-HARQ operation. For simplicity, uplink resource hopping for only one UE is shown for each cell, and the 3 UEs are assumed to be allocated the same frequency resource to easily seeing the inter-cell interference randomization effect. In Figure 3, the 3 UE use the same physical resource in the same uplink subframe, hence they will mutually interfere each other. However, for the following two transmissions, the 3 UE will use resource in different uplink subframe, i.e. the resource are orthogonal in time domain, the interference are coming from other UEs, therefore, the interference undergone by the 3 UEs are randomized.
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Figure 1: Cell-specific uplink subframe hopping pattern in S-HARQ
3 Analysis on UE/NodeB processing time

In the LTE TDD ad hoc meeting in Beijing, the main concerns for the time hopping approach from other companies are about the UE/Node B processing time. In the following part, we analyze UE processing issue and NodeB processing issue separately. 
For UE processing issue, the main concern is whether or not UE can timely detect PDCCH in the downlink subframe just preceding the DL->UL switching point, if the UE will be scheduled in the first uplink subframe right after DL->UL switching. After some observation, we tend to think there is no problem for UE processing. RAN1 has agree that PDCCH will be transmitted in the first n (n≤3) OFDM symbols, hence UE can start PDCCH decoding right after the reception of the nth OFDM symbol, i.e. UE can detect if NodeB is scheduling any uplink resource for itself in the remaining time of the downlink  subframe. PDCCH decoding is sure to be much faster than turbo decoding of data channel, so UE can decode PDCCH in very short time. And then if UE find it is scheduled in the first uplink subframe after DL->UL transmission, it can transmit its data in a timely manner.

For NodeB processing issue, the main concern is if NodeB has enough time to decode the data channel of a UE scheduled in the last uplink subframe and response its ACK/NACK in the downlink period just following the uplink period where the UE scheduled. This issue is subject to the allocation of uplink/downlink subframes in a radio frame. 
If there is no timing problem, the scheme of uplink resource time hopping will work well just as non-hopping case.  Assuming that:
· Uplink transmission in an uplink transmission period will be responded (ACK or NACK) in the following downlink period. This property is desirable to minimize the transmission delay. 
· There should be one predefined rule to obtain ACK/NACK channel position which is used to response the uplink transmission in an uplink subframe.
For ACK/NACK transmission in the uplink time hopping approach, the downlink subframe carrying ACK/NACK channel should also be changed according to the time hopping pattern of uplink transmission. That is to say index of the downlink subframe carrying ACK/NACK channel will be determined by used physical uplink subframe index by the same predefined rule, not the logical index. Hence the timing between uplink transmission and related ACK/NACK channel can be satisfied. Both UE and NodeB have enough time for processing. 
If there is problem in NodeB to process uplink transmission in the last uplink subframe proceeding UL->DL transmission, the uplink time hopping scheme has to take this aspect into account. One thing to note is that such a problem is not caused by uplink time hopping, but is incurred by uplink/downlink subframe allocation. 
4 Conclusion 
In this contribution, we provide more analysis on UE/NodeB processing time. According to our analysis, time domain hopping does not cause additional issues in UE/NodeB processing time. Hence we propose to adopt time domain hopping as one enhancement to provide more robustness in addition to frequency domain hopping, especially for the case of frequency domain scheduling.
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(a) S-HARQ time domain hopping pattern of cell 1

(b) S-HARQ time domain hopping pattern of cell 2

(c) S-HARQ time domain hopping pattern of cell 3
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