
3GPP TSG RAN WG1 Meeting #49                                                    R1-072481
Kobe, Japan, 7-11 May 2007
Source:

Fujitsu

Title:

Consideration on some issues related to MBSFN sub-frame
Agenda item:
7.11.1 Downlink reference signals
Document for:
Discussion

1. Introduction

A working assumption from RAN1#48 (2007.2) is that in an MBSFN sub-frame, the first n (n=1 or 2) OFDM symbol(s) can be used for transmission of unicast signals (i.e. unicast RS, PDCCH and ACK/NACK) and the remaining OFDM symbols are used for MBSFN data and RS.

It was shown in [1] that this working assumption involves the following three problems. 
Problem 1: If n=2, a UE needs to know which sub-frame is MBSFN sub-frame in order to receive PDCCH/ACK without performance degradation.

Problem 2: If a UE performs inter-subframe channel estimation for the previous sub-frame(if it is a unicast sub-frame), it needs to know whether the current sub-frame is an MBSFN sub-frame or not.

Problem 3: A UE using unicast RS in other-than-first OFDM symbols in the sub-frame from the serving (or neighbor) cell under measurement needs to be aware of MBSFN transmission in order not to perceive MBSFN signal as unicast RS.

After the discussion on this issue at RAN1#48bis, Problem 3 was settled by adopting a working assumption that MBSFN should not be transmitted in sub-frames #0 and 5 in which P/S-SCH and P-BCH are transmitted. However, UE still can’t confidently perform measurement on unicast RS in the other sub-frames (i.e. sub-frames #1 to 4 and 6 to 9) without measurement accuracy degradation. Problems 1 and 2 remained unresolved. It was encouraged to continue discussion on the two problems.
In this contribution, Fujitsu’s views on the problems are shown. 
2. Discussion
2.1. Measurement
Problem 3 has not fully been resolved yet. UE still can’t confidently perform measurement on unicast RS in sub-frames #1 to 4 and 6 to 9 without measurement accuracy degradation.

· Measurement of serving cell
Assuming the information on MBSFN sub-frame location in the serving cell is broadcasted using some channel (P-BCH, D-BCH or MCCH: FFS) and it is not demanding for UE to read the channel, we can envisage that UE may know MBSFN sub-frame location of the serving cell.
UE with the knowledge of MBSFN sub-frame location in the serving cell can measure on all the unicast RS symbols in the sub-frames received during measurement period, in the serving cell.
[Conclusion] In the case of serving cell measurement, letting UE know the location of MBSFN sub-frames in the serving cell may resolve Problem 3.
· Measurement of neighbor cells

If UE does not know MBSFN sub-frame location in the target neighbor cell, the UE can surely use the unicast RS symbols only in sub-frames #0 and 5 (96 resource elements (RE) for Tx antennas #0 and 1 per 10ms within 1.25MHz) for measurement. If the measurement on only 96 REs for Tx antennas #0 and 1 per 10ms within 1.25MHz is sufficient for reliable measurement result, Problem 3 is not an issue. But if it is not sufficient, the UE should further perform measurement on unicast RS symbols in the sub-frames other than sub-frames #0 and 5. However, the measurement on such sub-frames without knowledge of MBSFN sub-frame location can result in less reliable measurement. If the UE knows MBSFN sub-frame location of the target neighbor cell, the UE can use at least the unicast RS symbols in sub-frames #0 and 5 and the 1st unicast RS symbols in the sub-frames other than sub-frames #0 and 5 (192 REs for Tx antennas #0 and #1 per 10ms within 1.25MHz). However it is so demanding for UE to read the channel (P-BCH, D-BCH or MCCH: FFS) carrying the information on MBSFN sub-frame location from neighbor cells. Therefore at first the minimum number of unicast RS symbols for measurement to satisfy the measurement quality requirement should be clarified.

[Conclusion] Whether Problem 3 is an issue or not in the case of neighbor-cell measurement may depend on how many unicast RS symbols to measure on are needed during available measurement period.
2.2. L1/L2 control channel
Problem 1 is that UE may receive L1/L2 control signal with performance degradation if the UE have no information on MBSFN sub-frame location in the serving cell. A solution to this problem is the same as that shown in the previous section of 2.1.　 Letting UE know the location of MBSFN sub-frames in the serving cell may resolve Problem 1.

We don’t assume that UE are required to receive and decode L1/L2 control signals and D-BCH of neighbor cells.  UE are not supposed to directly get some system information from neighbor cells. We think Problem 1 only applies to the reading of L1/L2 control signals from the own cell.
[Conclusion] Letting UE know the location of MBSFN sub-frames in the serving cell may resolve Problem 1.

2.3. Inter-sub-frame interpolation of channel estimation
Some simulation results [2] show that there is non-negligible performance degradation due to poor channel estimation without inter-sub-frame interpolation. However, as Problem 2 indicates, UE need to know whether the current sub-frame is an MBSFN subframe or not in order to perform inter-subframe channel estimation for the previous sub-frame (if it is a unicast sub-frame).

A solution to this problem is, again, that letting UE know the location of MBSFN sub-frame location of the own cell.

It was agreed that UE is not required to read D-BCH of neighbor cells for measurement purpose. We don’t think UE in its handover process has to read D-BCH of the target cell until it succeeds in the handover. The UE has to read P-BCH during the handover process. The parameters necessary for random access to the target cell is given the UE by the source NodeB. If UE doesn’t have to carry out inter-sub-frame channel estimation for the demodulation of P-BCH of neighbor cell, Problem 2 doesn’t apply to the case of demodulation of signals in neighbor cells.
[Conclusion] Letting UE know the location of MBSFN sub-frames in the serving cell may resolve Problem 2.
           Problem 2 may not apply to the demodulation of signals in neighbor cells.
From the discussion in this section, it is concluded that it is beneficial letting UE know the location of MBSFN sub-frames in the serving cell (the own cell).

3. Possible Solutions
This section shows possible solutions to the neighbor cell measurement issue.
3.1. Solution A
Each cell broadcasts the information on its MBSFN sub-frame location by means of P-BCH or MCCH.
And UE directly read the information from the target neighbor cell.
(1) In the case that P-BCH carries the information on MBSFN sub-frame location
· Pros

· If the UE reads P-BCH from the target neighbor cell, the UE can use all unicast RS symbols in the sub-frames received during measurement time, in the neighbor cell (192+36x REs for Tx antennas #0 and 1 per 10ms within 1.25MHz). The number of “x” is the number of unicast sub-frames other than #0, 5 sub-frames within 10ms.

· Cons

· Significant increase of system information carried by P-BCH
· Two P-BCH formats are needed for the network supporting MBSFN and the network not supporting MBSFN.
· It is demanding for UE to read P-BCH from neighbor cells for just measurement purpose.
(2) In the case that MCCH carries MBSFN sub-frame location
· Pros
· If the UE reads MCCH from the target neighbor cell, the UE can use all unicast RS symbols in the sub-frames received during measurement time in the neighbor cell (192+36x REs for Tx antennas #0 and 1 per 10ms within 1.25MHz). The number of “x” is the number of unicast sub-frames other than #0, 5 sub-frames within 10ms.

· Cons

· It is so demanding for UE to read MCCH from neighbor cells for just measurement purpose.
If the information on MBSFN sub-frame location is carried over both P-BCH and MCCH, it may be a wasteful use of radio resource. 

The minimum required number of unicast RS symbols of neighbor cell to measure on and the allowed measurement time determines the need for UE to know the information on MBSFN sub-frame location of the neighbor cell. And the achievable gain resulting from reading the channel carrying MBSFN sub-frame location information should justify the UE operational burden of reading of the channel. 

3.2. Solution B  [“Solution 1 for M=2 and Solution 2 for M=1” in R1-071821 from NEC]
The default CP is used in the OFDM symbols which carry 1st unicast RS and L1/L2 control signal regardless of whether these symbols belong to sub-frame in which MBSFN is transmitted or not [1].
· Pros
· The UE can use the unicast RS symbols in sub-frames #0 and 5 and the 1st unicast RS symbols in the sub-frames other than sub-frames #0 and 5 transparently (192 REs for Tx antennas #0 and 1 per 10ms within 1.25MHz), even if the UE does not know MBSFN sub-frame location.

· No need to know which sub-frames are MBSFN sub-frames, for reading L1/L2 control signal

· Cons

· Additional sub-frame format
· With this solution alone, UE can’t utilise the second unicast RS symbols in sub-frames other than sub-frames #0 and 5.

3.3. Solution C

The unicast RS symbols in the first OFDM symbol in MBSFN sub-frames are cyclic-shifted.

If 
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, which is transmitted in the 1st slot in the MBSFN sub-frames, are phase-rotated in the frequency domain as described below.
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. The cyclic shifted RS symbol is shown in Figure 1.
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Figure 1  Cyclic shifted RS symbol
The cyclic shift is only applied to unicast RS symbols in MBSFN sub-frames from Tx antennas #0 and #1.

The unicast RS symbols in the sub-frames from Tx antennas #2 and #3, unless they are on the first OFDM symbol in the sub-frames, are not cyclic shifted. They (RS#2 and RS#3) do not have to be cyclic-shifted as we assume UE perform neighbor-cell measurement on unicast RS from Tx antennas #0 and #1.   (Note: The cyclic shift could be applied to the second OFDM symbol in MBSFN sub-frames, but doesn’t provide any benefit.)
When the UE performs measurement on the cyclic-shifted RS symbols just for measurement purpose, it doesn’t have to be aware the unicast RS symbols are cyclic-shifted, but only has to measure on them assuming them to be “normal CP” RS.  The cyclic shift is transparent to UE in measurement process.
The UE needs to know the first unicast RS symbols being cyclic shifted when it demodulates unicast L1/L2 control signals in MBSFN sub-frames as shown in Figure 2. But the UE can get a similar robustness against long-delayed paths to that of the extended CP.
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Figure 2  Signal processing at UE
· Pros
· The UE can use the unicast RS symbols in sub-frames #0 and 5 and the 1st unicast RS symbols in the sub-frames other sub-frames #0 and 5 transparently (192 REs for Tx antennas #0 and 1 per 10ms within 1.25MHz), even if the UE does not know MBSFN sub-frame location.

· No additional sub-frame

· Cons
· Need to know which sub-frames are MBSFN sub-frames  for reading L1/L2 control signal
· With this solution alone, UE can’t utilise the second unicast RS symbols in sub-frames other than sub-frames #0 and 5.

3.4. Solution D
Current cell informs the UE whether it can assume that the network is tightly synchronized or not. This idea was suggested by Ericsson in the email discussion and can be used with Solution B or C.
· Pros
· If the network is not tightly synchronized i.e. there is no MBSFN sub-frame, the UE can use all unicast RS (480 REs for Tx antennas #0 and 1 per 10ms within 1.25MHz) of the neighbor cell.
· Cons

· Increase of system information
· With this solution alone, when the network is tightly synchronized (i.e. there can exist MBSFN sub-frames in the neighbor cells), the UE can’t utilise the unicast RS symbols in sub-frames other than sub-frames #0 and 5 in the neighbor cell under measurement without measurement performance degradation.

A summary of the above solutions is shown in Table 1. From our point of view, Solution C + D is the most reasonable solution.
Table 1  Summary of solutions

	
	# of available REs within 10ms for Tx antennas #0 and #1 within 1.25MHz
in neighbor cell
measurement
	Pros
	Cons

	Solution A
	In case of P-BCH
	192+36x
	
	· Significant increase of system information
· Additional P-BCH format
· Demanding task for UE

	
	In cas of MCCH
	192+36x
	
	· Demanding task for UE

	Solution B
	192
	· CP transparent operation for 1st RS and L1/L2 control signal
	· Additional sub-frame format

	Solution C
	192
	· CP transparent operation for 1st RS
· No additional sub-frame format
	· Need to know CP length to read L1/L2 control signal

	Solution D
	96 or 480
	beneficial when network is not tightly synchronised

	· Increase of system information


Note: “x” is the number of unicast sub-frames other than sub-frames # 0 and 5 within 10ms.
4. Suggestion
We have the following suggestions.

· UE should be informed of the MBSFN sub-frame location in the serving cell so that the UE can receive L1/L2 control signals and perform measurement on unicast RS symbols, without performance degradation. And that it can perform inter-sub-frame channel estimation for PDSCH in unicast sub-frames wherever applicable. 
· The UE should not be required to read the control signal carrying the information on MBSFN sub-frame location, from neighbor cells.  Solution A should not be employed.
· The UE should not be required to read L1/L2 control signal of neighbor cells.

· Solution C + Solution D should be adopted. The consequence when adopted is as follows:
      For measurement on neighbor cells,

       if the network is tightly synchronised, UE can use the unicast RS symbols in sub-frames #0 and 5 and the 1st unicast RS symbols in the sub-frames other than sub-frame #0 and 5 without measurement performance degradation

and if the network is not tightly synchronised, UE can use the unicast RS symbols in all the sub-frames received during available measurement time period. 
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