3GPP TSG RAN WG1 #50bis                                                                                           R1-074200
Shanghai, China
October 8 ~ 12, 2007
________________________________________________________________________________

Agenda item:
 6.2.3
Source:
 LG Electronics

Title:


 On the implementation of rank override using codeword DTX
Document for: Discussion and Decision
________________________________________________________________________________

1. Introduction
In RAN1#47bis meeting, ‘DL signaling supports for Node B’s overriding the rank reported from the UE’ was agreed to be working assumption [1]. In DL SU-MIMO system with a 4x4 antenna configuration, there can be 4 kind of ranks (or number of layers) and each rank has only one codeword-to-layer mapping [2]. In this contribution, we propose a simple implementation which supports a limited rank override by DTXing a codeword. 
2. Necessity of rank override

We enumerate possible situations where rank override is needed as follows;

· When the data buffer has small data or is empty:
If the data buffer has not enough data for reported high rank, NodeB should have the ability to transmit data with the rank reduced. 
Moreover, in the retransmission case, NodeB also needs to transmit only one codeword even though NodeB initially transmitted two codewords; that is the case when the new data buffer is empty and only one of codeword is failed out of two codewords. As described in [3], if only one codeword transmission via 2 layers is allowed, more efficient use of channel resource could be possible. 
· When NodeB fails receiving UL feedback signal about DL channel information:
If NodeB fails receiving UL control signal about DL channel information, NodeB cannot match the rank of UE correctly. Providing for this case, NodeB needs functionality such as reusing of earlier reported rank or adopting a predetermined fixed rank. [4-6] 
· When channel condition abruptly changes:

If channel variation is severe, DL channel information reported by UE will not well match channel condition in scheduled time by NodeB. This may cause more frequent retransmission than expected. To alleviate this situation, NodeB should be able to change code rate, modulation, and rank. Most cases may be covered with control of code rate and modulation with rough change of rank.  
3. Characteristics of rank override
Based on the reasons for rank override listed above, some aspects required for rank override are investigated; 
· Rank override to higher rank is not needed;
If NodeB transmits higher rank than what UE has reported, it will bring about much more interference or rank deficiency in the channel so that the reliable reception cannot be guaranteed. 
· Change of PMI and CQI according to rank override:

If NodeB changes the rank, we should investigate the impact on PMI and CQI due to rank override. Considering rank override from rank 2 or rank 3 to rank 1, the same precoding vector as in rank 2 or rank 3 can be found in CW1 perspective. The same CQI as in rank 2 or rank 3 can be also used with guaranteed minimal performance. However, considering the rank override from rank 4 to rank 1, the minimal performance may not be guaranteed due to inaccuracy of PMI and CQI since CW1 is mapped to two layers in rank 4 but is mapped to one layer in rank1. Therefore, rank override from one rank including codeword mapped to two layers to other rank including codeword mapped to one layer causes unreliable PMI and CQI. 
4. Implementation methods of rank override
A. Full rank override with fixed PMI
One possible implementation of rank override is a method in which overrided rank is straightly tied to a fixed PMI in order to reduce the signaling overhead. There is no necessity to signal PMI over DL control channel. However, it should be noted that RI should be indicated in DL since rank can be changed with full range. 
While rank override with fixed PMI has an advantage of reducing the singling overhead, it has some drawbacks as well: throughput loss due to incorrect PMI/CQI. PMI and CQI are determined without any consideration of real channel condition so that reliable transmission cannot be guaranteed, which may cause loss of throughput.

B. Partial rank override using codeword DTX
Instead of change the rank literally, DTXing a codeword within the current codeword-to-layer combinations can reduce the effective rank indirectly. The concept of rank override with codeword DTX is depicted Figure 1(b) while current codeword-to-layer mapping combinations are shown in Figure 1(a).
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Figure 1. Current codeword-to-layer mapping combinations and a codeword DTX

The rank override with codeword DTX uses the (RI, PMI, CQI) which is the same as reported one from UE. The only additional change is that one of two codewords is DTXed. All the other aspects are the same as the no rank override case. The same PMI and CQI can be valid for the actually transmitted codeword while PMI and CQI have no effect on the DTXed codeword. Therefore, there is no need to report additional DL channel status, it requires only normal report as in no rank override case. However it should be noted that small amount of additional signal may be needed in DL in order to indicate which codeword is DTXed.
Adopting codeword DTX with PMI and CQI kept the same as reported ones, more reliable transmission can be guaranteed. That is because PMI is already matched well in the actually transmitted codeword and DTXed codeword reduces the interference, so that the actual channel condition can be changed more favorably to the transmitted codeword. In addition, NodeB can select better channel among two codewords. In case of rank3 and 4, only one codeword transmission via 2 layers is possible as proposed in [3].
· Detailed procedure of codeword DTX
To describe the scheme, we exemplify as follows;
a. UE reports RI as Rank3, one of PMI for Rank3, CQI for CW1 (CQICW1) and CQI for CW2 (CQICW2), where CQIs are calculated using the PMI to be reported.

b. NodeB receives DL channel information from UE. However, NodeB is needed to transmit only one codeword.

c. NodeB compares CQICW1 and CQICW2, and then selects better codeword. (e.g. CW2)

d. NodeB transmits data via CW2 of Rank3, and does not transmit any data via CW1 of Rank3 (i.e. CW1 DTX), where CW2 are mapped to layer2 and layer3 using reported PMI according to codeword-to-layer mapping of rank3.

e. NodeB signals the confirmation message that used codeword-to-layer mapping (i.e. rank3) and PMI are same as UE has reported, and the message that CW1 is DTXed.

f. UE receives control message from NodeB, and then decodes only CW2.

· Signaling aspects
One possible example is the implicit indication by defining MCS level that represents codeword DTX. Assuming 6 bits for MCS of a codeword, there are 64 levels of MCS. One of 64 levels can be defined as codeword DTX with small overhead. Detailed signalling is FFS.
5. Conclusions

In this contribution, we introduced the implementation of rank override within the current codeword-to-layer combinations. Our views on rank override are as follows:

· As a rank override implementation, codeword DTX has benefit of scheduling using accurate CQIs based on reported PMI and RI. The CQIs guarantee minimal performance.
· Detailed signalling for a codeword DTX is FFS
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