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1 Introduction

In current type 2 TDD frame structure, the reference signal structure was selected based on the assumption that inter-subframe interpolation is not always available due to TDD property [1]. Considering utilizing the remaining resources in DwPTS [2], one possible way is to transmit downlink reference signal. By doing so, we can guarantee that every downlink unicast subframe can enjoy inter-subframe interpolation (from later reference signals). Therefore we are able to improve current downlink reference signal structure. In this contribution, we discuss how to improve reference signal structure and provide simulation results to investigate the performance improvements.
This contribution is a resubmission of [4]. During the offline discussion in Athens, some companies indicated that in current FS2 TDD RACH design, there are some Node B to Node B interference issues (i.e. part of DwPTS from one Node B might interfere the reception of RACH in nearby Node Bs). Nulling the remaining subcarriers in DwPTS other than P-SCH enables the possibility to schedule RACH away from the interference, while the proposal of transmitting RS in DwPTS has impacts on such possibility. In this revision, we discuss and analyze this issue in detail.
2  Discussion
According to [3], for type 2 frame structure TDD, the downlink reference signal structure is shown in Figure 1 below. Denote each OFDM symbol within one slot as OS#l, where l=0..8 for normal cyclic prefix and l=0..7 for extended cyclic prefix. Further denote the RS from antenna port 0, 1, 2, 3 with R0, R1, R2, and R3 respectively. Current assumption is that 
· For normal cyclic prefix: R0 and R1 are located in OS#0 and #6, R2 and R3 are located in OS#1 and #7.
· For extended cyclic prefix: R0 and R1 are located in OS#0 and #5, R2 and R3 are located in OS#1 and #6.
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Figure 1 Current Working Assumption for Downlink Reference Signal Structure
Considering the distance between RS from same antenna, it is obvious that current RS structure is far from uniform in time domain. For example, for normal cyclic prefix, there are 5 OFDM symbols between the RS from same antenna for intra-slot case, but there are only 2 OFDM symbols between the RS from same antenna for inter-slot case. On the contrary, for type 1 frame structure with normal cyclic prefix, the two distances are 3 and 2 OFDM symbols for intra-slot and inter-slot cases respectively. Such non-uniform time domain structure in type 2 structure has potential problems as shown below: 
· For PDSCH: channel estimation interpolation in time domain is not optimized due to the non-uniform structure. Such impact will be obvious for high speed UEs.
· For PDCCH: assuming that for maximum commonality with type 1 structure, PDCCH is located in the first 
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, it is better for high speed UEs to wait until the 2nd RS to decode PDCCH to guarantee better channel estimation performance (as shown in simulation results below), therefore results in larger latency in current structure. In addition, since there are 3 OFDM symbols between OS#2 (which is the last OFDM symbol containing PDCCH) and OS#6 (which contains the 2nd RS for R0 and R1), the channel estimation performance is also poor.

From above discussion, it is obvious that if one could move the 2nd RS into earlier OFDM symbols, the above mentioned problems can be alleviated. However due to TDD property, for TS#0, there is no DL subframes following immediately. Therefore for high speed UEs, the PDSCH channel estimation performance could be impacted if we move the 2nd RS earlier, as already shown in [1].
One promising solution is to transmit reference signal in the remaining resources (other than P-SCH) in DwPTS. By doing so, we can guarantee that for every downlink subframe, at least 3 RS symbols are available for channel estimation. One example is shown in Figure 2 below. For normal cyclic prefix, R0 and R1 are transmitted in OS#0 and #4 while R2 and R3 are transmitted in OS#1 and #5. This results in a rather uniform time domain structure (3 and 4 OFDM symbol distances for intra-slot and inter-slot cases). For extended cyclic prefix, RS are transmitted in the same time domain position as in normal cyclic prefix case, which results in an even more uniform time domain structure (3 and 3 OFDM symbol distances for intra-slot and inter-slot cases).
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Figure 2 Improved Downlink Reference Signal Structure
It should be noted that in Figure 2 only R0 and R1 are transmitted in DwPTS since it is expected that 4 antenna MIMO would be used mostly in low speeds. R2 and R3 might be transmitted in DwPTS as well if there is no impact on RS hopping/shifting.
In summary, by transmitting reference signal in the remaining resource in DwPTS, inter-subframe interpolation is possible for all downlink subframes, which can enable the optimization of the time domain structure. The optimized structure has the following benefits:
· Uniform time domain reference signal structure: This enables optimal channel estimation interpolation performance for PDSCH.

· Reduced delay latency for PDCCH: for the proposed structure under normal cyclic prefix, the second RS is put forward by 2 OFDM symbols compared with current working assumption, which can reduce latency for those UEs utilizing second RS for channel estimation. Such latency reduction is also beneficial for UE battery saving.
· Improved channel estimation performance for PDCCH: for the proposed structure under normal cyclic prefix, the second RS is put forward by 2 OFDM symbols, which can obviously improve the channel estimation performance for high speed UEs.
3 Simulation

In this section, we compare the channel estimation performance of the proposed structure and the current working assumption under normal cyclic prefix. For the improved solution, structure shown in Figure 2 is used. Both the performance of PDCCH and PDSCH is investigated. The common simulation assumptions for both PDCCH and PDSCH are listed in Table 1 below.
Table 1 Simulation assumptions common for PDCCH and PDSCH
	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	10

	Sampling rate (MHz)
	15.36

	Number of occupied sub-carriers
	601 (including DC sub-carrier)

	Number of OFDM symbols per slot
	9

	Antenna Configurations
	2x2

	Channel
	TU350

	Tx diversity scheme
	SFBC

	Rate matching
	R99 Rate Matching


3.1 Simulation of PDCCH

Simulation assumptions specific to PDCCH are captured in Table 2 and Table 3 below.
Table 2 Simulation assumptions for PDCCH

	Parameter
	Explanation/Assumption

	Control Channel Duration
	3 OFDM symbols

	Modulation
	QPSK

	Channel coding
	Rel-6 R=1/3 Convolutional coding with Viterbi decoding, K=9, no tail-biting

	Coding rate
	1/9, 1/3 and 2/3

	DL Channelization
	Fully distributed in the transmission bandwidth, with 2 subcarrier granularity.


Table 3 PDCCH transmission formats

	Modulation
	Signaling Payload (Including 16 bit CRC)
	# of Bits after tail bit addition 
	# of Bits after R=1/3 Convolutional Encoding
	Coding Rate
	# of Bits after Rate Matching
	# of Total Subcarriers
	# of Subcarriers per OFDM Symbol

	QPSK
	40
	48
	144
	1/9
	432
	216
	72

	
	
	
	
	1/3
	144
	72
	24

	
	
	
	
	2/3
	72
	36
	12


Time domain interpolation is done using the 1st and 2nd RS-bearing OFDM symbols.
The simulation results are shown from Figure 3 to Figure 5 below.
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Figure 3 Simulation results for PDCCH (Code Rate = 1/9)
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Figure 4 Simulation results for PDCCH (Code Rate = 1/3)
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Figure 5 Simulation results for PDCCH (Code Rate = 2/3)

From the simulation results above, it is obvious that using interpolation can increase PDCCH performance for high speed UEs. For BLER target 0.01, the gain of the proposal over current working assumption is 0.3, 0.3 and 0.4 dB for code rate 1/9, 1/3 and 2/3, respectively. Therefore it is clear that the proposal provides gain especially for high speed UEs. It should be also noted that proposed structure also has the potential to improve the channel estimation performance for low to medium speed UEs thanks to the moving forward of the 2nd RS.
3.2 Simulation of PDSCH

Simulation assumptions specific to PDSCH are captured in Table 4 and Table 5 below. 
Table 4 Simulation assumptions for PDSCH

	Parameter
	Explanation/Assumption

	Channel coding
	R=1/3 WCDMA Turbo coding, Max-LOG-MAP decoding algorithm is used with 8 iterations.

	MCS
	QPSK 1/3 and 16QAM 2/3

	HARQ
	No

	DL Channelization
	6 RBs are used


Table 5 PDSCH transmission formats

	n
	# of OFDM Symbols for PDSCH
	Modulation
	Coding Rate
	Information Payload (Including 24 bit CRC)
	# of Bits after R=1/3 Turbo Encoding
	# of Bits after Rate Matching
	# of Total Subcarriers

	2
	6
	QPSK
	1/3
	284
	864
	864
	432

	
	
	16QAM
	2/3
	1148
	3456
	1728
	432

	1
	7
	QPSK
	1/3
	332
	1008
	1008
	504

	
	
	16QAM
	2/3
	1340
	4032
	2016
	504


There are 3 scenarios simulated for PDSCH:
· Scenario a): Channel estimation is done using the 1st and 2nd RS-bearing OFDM symbols in the current subframe and the 1st RS-bearing OFDM in the next subframe, and the RS structure is shown in Figure 2. Since 3 RS symbols are used for channel estimation, the corresponding legend in the simulation results is “3 RS, Proposal”.
· Scenario b): Similar as scenario a), channel estimation is done using the 1st and 2nd RS-bearing OFDM symbols in the current subframe and the 1st RS-bearing OFDM in the next subframe. The difference is that current working assumption for RS structure as shown in Figure 1 is used. The corresponding legend in the simulation results is “3 RS, WA”.

· Scenario c): Channel estimation is done using the 1st and 2nd RS-bearing OFDM symbols in the current subframe, and current working assumption for RS structure as shown in Figure 1 is used. This scenario is to investigate the performance of TS0 when reference signal is not transmitted in DwPTS. The corresponding legend in the simulation results is “2 RS, WA”.
The simulation results are shown from Figure 6 to Figure 9 below.
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Figure 6 Simulation results for PDSCH (
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, QPSK, Code Rate = 1/3)

[image: image10.emf]8 9 10 11 12 13 14 15

10

-3

10

-2

10

-1

10

0

PDSCH Performance, n=2, 16QAM, CR=2/3, TU350

SNR per Rx antenna (dB)

BLER

3 RS, Proposal

3 RS, WA

2 RS, WA


Figure 7 Simulation results for PDSCH (
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, 16QAM, Code Rate = 2/3)
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Figure 8 Simulation results for PDSCH (
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, QPSK, Code Rate = 1/3)
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Figure 9 Simulation results for PDSCH (
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, 16QAM, Code Rate = 2/3)

From the simulation results above, when comparing the performance between scenario a) and b), it is obvious that the gain of the proposal over current working assumption increases when 
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decreases The reason is that when 
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is smaller, there is more OFDM symbols between the 1st and 2nd RS that could be used for data transmission, and the channel estimation performance for those OFDM symbols benefits from the uniform structure. It is also observed that the gain for 16QAM is larger compared with QPSK since 16QAM is more sensitive to channel estimation performance. For 16QAM and BLER target 0. 1, the gain of the proposal over current working assumption is 0.4 dB. Therefore it is clear that the proposal provides gain especially for high speed UEs. It should be also noted that proposed structure also has the potential to improve the channel estimation performance for low to medium speed UEs thanks to the uniform time domain structure.
When comparing the performance between scenario a) and c), the gain of utilizing DwPTS to transmit reference signal is significant (e.g. the gain of scenario a) over scenario c) is larger than 3 dB for the case of 16 QAM, Code Rate = 2/3). The reason for such large gain mainly is the improved channel estimation performance for data symbols transmitted after 2nd RS, where interpolation is not available when reference signal is not transmitted in DwPTS.
4 Node B to Node B Interference Issue 
In TDD systems, Node B DL transmission may interfere with the UL reception of neighboring Node Bs. For example, in FS2 TDD, part of DwPTS from one Node B might interfere with the reception of RACH in nearby Node Bs. In current FS2 TDD, the remaining subcarriers in DwPTS other than P-SCH are nulled, which enables the possibility to schedule RACH away from the interference. Some companies therefore showed concerns that the proposal of transmitting RS in DwPTS has impacts on such possibility. We will address this potential issue in this section.
4.1 Current Working Assumption on RACH
The Node B to Node B interference issue is closely related to RACH design, therefore the current agreements regarding RACH is copied below from TS 36.211 section 5.7.1.

[Start of copy from TS 36.211]

The physical layer random access burst, illustrated in Figure 5.7.1-1, consists of a cyclic prefix of length 
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,  and a preamble of length 
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. The parameter values are listed in Table 5.7.1-1 and depend on the frame structure and the random access configuration. Higher layers control the preamble format.
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Figure 5.7.1-1: Random access preamble format.

Table 5.7.1-1: Random access burst parameters.

	Frame structure
	Burst format
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For frame structure type 2, the start of the random access burst depends on the burst format configured. For burst format 0, the burst shall start 
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 before the end of the UpPTS at the UE. For burst format 1, the start of the random access burst shall be aligned with the start of an uplink subframe.

[End of copy from TS 36.211]

4.2 Cell Radius Calculation
There are actually two interference issues. One is Node B to Node B interference just discussed above, the other is UL interference generated from UEs. Cell radius can be calculated by considering both perspectives. There are two metrics related to the cell radius calculation: 
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is the time between the end of DwPTS reception and the start of preamble transmission at the UE, and 
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is the time between the end of preamble and the start of next UL subframe. It should be noted that such 
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calculation does not consider the characteristics of FS2 TDD RACH preamble design. Since in FS2 TDD, RACH preamble does not have CP, which means that for an efficient frequency domain implementation, the time-domain delayed versions of the preamble should also be captured in the receiver “cleanly”, without interference from subsequent UL subframes. Considering that maximum delay spread equals to the length of CP 
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) in normal UL subframe, we can obtain another metric
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From Node B to Node B interference point of view, if we consider the 1st tier neighboring Node Bs and the hexagonal cell structure, the cell radius supported is
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 is the speed of light. The calculation assumes that cell radius corresponds to the situation that the end of DwPTS starts to interfere with the reception of start of the preambles in neighboring Node Bs. 

From UL interference point of view, the cell radius supported is
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. The calculation assumes that cell radius corresponds to the situation that the end of preamble transmission from the UE locating in cell radius starts to interfere with the reception of the next UL subframe transmissions. Corresponding to
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In Table 1 below, the cell radius are calculated based on equations above, where 
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 and 
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are obtained from Table 5.7.1-1 above considering FS 2 TDD frame structure parameters.

Table 1 Cell Radius Considering Interference
	RACH Burst Format
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	0
	25
	33.33
	25.00
	4.33
	5.00
	3.75

	1
	191.67
	141.67
	133.34
	33.20
	21.25
	20.00


From table above, it is obvious that for RACH burst format 1, 
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is significantly larger than 
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or
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, which means that before there is Node B to Node B interference, there is already quite severe UL interference. This essentially means that Node B to Node B interference issue does not exist for RACH burst format 1.
For RACH burst format 0, it can be seen that
[image: image58.wmf]2

1

'

2

R

R

R

<

<

, which means that there is also no interference issue if 
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metric is used which considered FS2 TDD RACH preamble characteristic. If we use 
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metric, there are slight interference issues, which is analyzed below. 
Assume the actual cell radius is
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· When 
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, there is no Node B to Node B interference issue.

· When 
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, there is interference issue and the interference level tends to increase when R increases. The worst case scenario is when
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 , and Node B interferes with the neighboring Node Bs’ reception of RACH preambles from UEs locating in the cell center. In this case, 3.86
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transmission of DwPTS interferes RACH transmission. Considering that RACH preamble length is 133.33 
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, the percentage of overlapping is thus only 3.86/133.33=2.9%. For 
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, the overlapping percentage is in the range of [0, 2.9%]. It is obvious that such overlapping ratio would have rather negligible impact on RACH performance. It should be also noted that since the victim UEs are only those located in cell center, they have enough power headroom to guarantee successful RACH access.
In summary, there is no Node B to Node B interference issue for RACH format 1. For RACH format 0, considering realistic deployment taking into account FS2 TDD RACH preamble design, there is also no interference issue. Even if we take 
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metric (which does not reflect FS2 TDD property well), only for certain deployment scenarios, the interference issue can manifest itself; and even in such case, the worst case interference overlapping ratio is only 2.9%, which can be neglected considering that only cell center UEs are victim UEs.
5 Conclusion 
In this contribution, we investigate the performance of the improved time domain structure for type 2 frame structure TDD. We further dismissed the concerns that the proposal might result in Node B to Node B interference problem. Based on the analysis and simulation results, it is recommended to adopt the followings
· Transmit reference signal in remaining subcarriers (other than P-SCH) in DwPTS.
· Change the current downlink reference signal structure to the structure shown in Figure 2.
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