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1. Introduction

It is captured in the latest LTE physical layer specs TS 36.211 [1] saying that in case of TDD operation with the generic frame structure, the last symbol(s) in the slot immediately preceding a downlink-to-uplink switch point may be reserved for guard time (same meaning as idle period i.e. IP) and consequently not transmitted. In the paper we would like to discuss the possible impact between required IP length, which can be translated to cell size, and the last RS in the slot/subframe containing IP.
2. Discussion
Although the operators may configure the IP length based on their needs, having an IP length larger than the propagation delay between NB and cell border UE, and/or propagation delay between serving NB and first-tier neighbour NB would minimize the risk of various interference listed above and simplify the network planning efforts in complex dense-Urban and Urban scenarios. Taking an example, supporting cell size up to 100km, an IP length of 666.7us as minimum is required to avoid self-interference between uplink and downlink, interference of UE-to-UE and NB-to-NB (at least first-tier neighbour NBs), and this IP length requires 5 OFDMA symbols.

With the IP creation method from 36.211 [1] and IP length requirement, as well the mapping of the downlink RS defined in [1]. It is observed that for both normal and extended CP cases if more than 2 OFDMA symbols are required for IP, the RS will be impacted. And, 2 OFDMA symbols could support about 21km and 25km cell size in normal and extended CP cases, respectively. For larger cell, more symbol(s) are required which will have an impact on the RS. Before further discuss how RS should be processed in that case, it would be useful to discuss the usage of RS. It is our understanding that the RS is required and/or used for 1) data/control demodulation; 2) measurement; 3) cell search. For data/control demodulation, it is generally benefit to have more RS symbols in time domain for better tracking the time variance of the channel. We have made some simulations to verify the potential performance loss for demodulation by e.g. muting the last RS symbol, showing in figure 1 and figure 2. For measurement, it is agreed in [2] that UE can use all subframes RS for RSRP measurement. In our contribution [3] it presented handover numbers with different measurement length. For cell search, the RS can be used for coherent detection of P-BCH.
Coming back to the impact on RS in the subframe containing IP with more than 2 symbols, how to process the RS? Remember that, we should consider the most difficult and critical case that having PDCCH, P-BCH, P-SCH/S-SCH, RS and IP all in one DL subframe, otherwise there should be some restrictions to the system design, e.g. having at least 2 consecutive DL subframe always which seems to us not needed. Furthermore, we may still need to consider the 2Tx and 4Tx cases for demodulation of P-BCH (depending on the discussion of TxD for P-BCH [5]) and data/control, also remember that from St. Louis we agreed that measurement is to be carried on antenna 1 and 2 only [2]. So far, we have identified 3 possible options to process the RS when IP length is larger than 2 OFDMA symbols.
1. Mute the RS symbol(s) in the last downlink slot when IP length requires doing so. See figure 3.
2. Not mute RS symbol(s) but shifting the RS symbol when IP requires more than 2 OFDMA symbols and the shifted RS symbol is always in the last “active
” symbol, unless it can not be shifted further back if there is already “active” RS symbol occupies. See figure 4.
3. Combination of above 2 options, i.e. shifting the last RS symbol (containing antenna 1 and 2) when IP requires more than 2 OFDMA symbols, but muting the 1st RS symbol containing antenna 3 and 4 if IP requires more than 4 or 3 OFDMA symbols in normal and extended CP, respectively. Similar shifting operation is done as option 2. See figure 5.
Some discussion on the merit and demerit of each option is provided below:
Merit:

· Option 1 may simplify the spec efforts, and support up to 62km cell size (w/ extended CP) before mute the 1st RS in the last slot containing IP, which in most of foreseen deployment it could be enough large. If even larger cell size is required, a possible way is to mute entire last downlink slot or subframe.
· Option 2 could retain all performance criteria as it is in other downlink subframes cases, i.e. no negative impact to demodulation of data/control, P-BCH, measurement and cell search.
· Option 3 could achieve somehow good trade-off between performance criteria (i.e. 2Tx operation is always supported for different functions) and supported cell size before mute entire downlink slot or subframe. And, there is no impact to measurement as the RS from Ant 1 and 2 are always transmitted.
Demerit:

· Option 1 may lose demodulation performance of data/control and P-BCH as shown in figure xx though the performance loss in different cases may vary from slightly worse to moderate worse, and potentially impact on the mobility performance as it provides less RS symbols from Ant 1 & 2 as we studied in our measurement paper [3].
· Option 2 could only support the cell size about 37km (w/ extended CP) before mute entire last downlink slot or subframe for even larger cell size.
· Option 3 may limit the P-BCH TxD scheme only with 2Tx to keep the P-BCH decoding performance independent of IP length, or potentially degrade the P-BCH decoding performance if 4Tx diversity is applied. Of course, how much it may degrade is depending on the P-BCH design i.e. position, Tx-D scheme etc.
It seems that none of 3 options are perfect; they all have merit and demerit. However, we also observed that option 2 and 3 would be more reasonably acceptable as it has no or slight impact on other key functions of the system, of course the supportable cell size before mute the entire slot or subframe for IP to support very large cell size. Furthermore, it is our understanding that if very large cell size is needed in some scenario it is very hard to use 4Tx anyway since in such large cell size it could be envisioned that many high speed UEs will exist, which is not supposed to be good use case for 4Tx designed in current specs. It is noted that in LTE we may anyway have to define the baseline performance based on only 1 Tx antenna case. Another thing to emphasize is that minimizing impact on measurement and consequently on mobility is very important from designing LTE system perspective.
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Figure 1. Coded BER/BLER:   (3GPP TU120, 5M, allocation=5M, TC 1/3, QPSK)
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Figure 2. Coded BER/BLER (3GPP TU120 ,5M, allocation=2RBs,  1/3 TC, 64QAM)
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Figure 3, Idle period position in E-UTRA TDD with Generic Frame Structure
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Figure 4, Idle period position in E-UTRA TDD with Generic Frame Structure
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Figure 5, Idle period position in E-UTRA TDD with Generic Frame Structure
3. Conclusions

From the discussion had in section 2, we see that in most difficult/critical case we may have to allocate PDCCH, P-BCH, P-SCH/S-SCH, RS and IP all in one DL subframe, meanwhile if the cell size is moderately to extremely large so that IP requires more than 2 OFDMA symbol to avoid self-interference between uplink and downlink, interference of UE-to-UE and NB-to-NB (at least first-tier neighbour NBs), there would be an impact to the RS in that subframe, consequently the impact would be imposed on other key function of system. To alleviate that negative impact without limiting the supportable cell size or limiting the operators’ flexibility of UL/DL allocation and DL-to-UL switching point, 3 options were proposed and compared. From those comparisons, none of them are perfect i.e. no any impact to the existing LTE specs though some may have less impact. 
As a conclusion, we slightly prefer option 3 as it achieve good trade-off between performance criteria (i.e. 2Tx operation is always supported for different functions) and supported cell size (up to 50km) before mute entire downlink slot or subframe. And, there is no impact to measurement as the RS from Ant 1 and 2 are always transmitted.
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� “Active” symbol is in corresponded to “mute” symbol.
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