TSG-RAN WG1 #60bis
R1-101824
Beijing, CN, April 12 – April 16, 2010
Source: 
ZTE

Title:
UL timing case 2b in TDD
Agenda Item:
6.6.1.1
Document for:
Discussion and Decision

1 Introduction
In recent discussions about timing between eNB and RN, UL timing case 2b was presented and considered as the working assumption for FDD. In UL timing case 2b, the access link and backhaul link UL subframe boundary is staggered by a fixed gap and RN switching time is considered by configuring the previous Uu uplink subframe to be SRS subframe and puncturing the last SC-FDM symbol in that subframe [1].

UL backhaul resource is intact in case 2b and Rel-8 PUCCH including format 1/1a/1b and 2/2a/2b can be fully reused in Un link. However, there is a certain on the impact on access link in this case. The number of access SRS opportunities is reduced since the last SC-FDMA symbol of the Uu link is punctured for RN switching, besides, in the access subframe before UL backhaul subframe R-UE cannot transmit CQI/PMI or RI report in PUCCH which has no shortened format. In TDD, the number of UL subframes is limited, thus the performance of access link would be degraded more significantly than FDD.
In this contribution, we discuss UL timing case 2b in TDD, and present our views.
2 Discussion

In UL timing case 2b, the access subframe which is in front of a backhaul subframe should be configured as a cell-specific SRS subframe and the last SC-FDMA symbol is punctured for RN Rx/Tx switching without impacting access link UE traffic transmission as shown in Figure 1. 
Like UL timing case 1, there would be a fixed-delay 
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 between UL access and UL backhaul subframe for maximizing UL backhaul resource. When the fixed-delay satisfies 
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, 14 SC-FDMA symbols (for normal CP) can be utilized in UL backhaul transmission even though the RN switching time is longer than the cyclic prefix [2].
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Figure 1 UL case 2b

In any case when a UL backhaul subframe is configured, a UL access subframe is absent. That means one less chance for SRS and CQI/PMI feedback. The situation is exasperated in case 2b for TDD. If a UL backhaul subframe is allocated

· after an access special subframe, R-UE cannot transmit SRS on the last SC-FDMA symbol which should be punctured in UpPTS, and the last second symbol (if exist) in UpPTS can be used for Uu SRS.

· after an UL access subframe in which the SRS and CQI/PMI in PUCCH format 2/2a/2b cannot be transmitted since the last symbol is punctured.

· after an UL backhaul subframe, there will be no additional loss of Uu SRS and CQI/PMI opportunity because there is no RN switching.
The reduced opportunity for Uu SRS and CQI/PMI in PUCCH transmission would impact the access link performance, because UL channel measurement and DL channel information feedback are not available in certain subframes, although it could be compensated by DL/UL channel reciprocity to some extent. The performance degradation depends on UL backhaul subframe allocation. In following discussion we assume UL backhaul subframe (BSF) configuration period is one radio frame (RF).
Impact on access SRS

Generally there are at most two symbols in UpPTS and one symbol in UL access subframe for SRS in TDD. Table 1 shows the maximum number of SRS occurrences in different DL/UL configurations, although some TDD configurations are not suitable for backhaul, for example Config. 0 and Config. 5, considering HARQ operations in backhaul and access links.
Table 1. Number of access SRS opportunities per RF
	
	Config. 0
	Config. 1
	Config. 2
	Config. 3
	Config. 4
	Config. 5
	Config. 6

	No BSF
	10
	8
	6
	5
	4
	3
	9

	1 BSF/RF
	8
	6
	4
	3
	2
	-
	7

	2 BSF/RF
	6-7
	4-5
	-
	1-2
	-
	-
	5-6

	3 BSF/RF
	4-6
	3
	-
	-
	-
	-
	3-5

	4 BSF/RF
	2-4
	-
	-
	-
	-
	-
	2-3

	5 BSF/RF
	2-3
	-
	-
	-
	-
	-
	-


Obviously, when the number of UL subframe is relatively small e.g. as in Config. 2, 3 or 4, the number of access SRS opportunities may be reduced by more than 30% (e.g. in Config. 2 for 1 BSF/RF)
Impact on access CQI/PMI in PUCCH

Different from SRS, CQI/PMI feedback cannot be transmitted in UpPTS. Hence, R-UE can only send PUCCH format 2/2a/2b in UL access subframe.
Table 2. Number of access PUCCH opportunities per RF
	
	Config. 0
	Config. 1
	Config. 2
	Config. 3
	Config. 4
	Config. 5
	Config. 6

	No BSF
	6
	4
	2
	3
	2
	1
	5

	1 BSF/RF
	4-5
	2-3
	1
	1-2
	0-1
	-
	3-4

	2 BSF/RF
	2-4
	0-2
	-
	0-1
	-
	-
	1-3

	3 BSF/RF
	1-3
	0-1
	-
	-
	-
	-
	0-2

	4 BSF/RF
	0-2
	-
	-
	-
	-
	-
	0-1

	5 BSF/RF
	0-1
	-
	-
	-
	-
	-
	-


As shown in Table 2, since PUCCH format 2/2a/2b is not supported in the shortened format, the number of CQI/PMI feedback opportunities can be significantly reduced. As a result, the CQI/PMI feedback period is increased, Alternatively, PUSCH could be scheduled for CQI/PMI feedback with certain resources wastage which would affect the access link capacity.
3 Summary
UL case 2b would not have any impact on UL backhaul resource where RN can reuse Rel-8 PUCCH including format 1/1a/1b and 2/2a/2b in Un link. However, the number of opportunities for Uu SRS and CQI/PMI in PUCCH can be reduced significantly, especially for TDD. Based on the analyses above, we propose that:

· UL timing case 1 should be considered for TDD, as a complement to UL timing case 2b.
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