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1. Introduction 
In RAN1 #60bis, there were three UL timing cases discussed for TDD [1], i.e., Case 2a, Modified case 4, and Case 2b, which are summarized in Table 1.
Table 1 Comparison between Case 2a/2b/modified 4
	
	Case 2a
	Case 2b
	Modified Case 4

	Symbols for UL Un link
	0~13
	0~13
	0~12 or 13

	Symbols for UL Uu link
	0~13
	0~12
	0~12

	Global Synchronization
	No
	--
	Yes

	R8 compatibility
	Yes
	No
	No


The reason that case 2b and modified case 4 borrow OFDM symbols from the PUSCH is to achieve the time periods for UL timing alignment and/or the RF switching of the RN. Modified Case 4 applies when global synchronization is a requirement in the network among RNs and donor eNBs. 
The spectrum efficiency degradation of borrowing OFDM symbols has been analyzed in [2], which shows the influence is limited. However, the performance degradation of case 2b and modified case 4 does rely on the UE distribution assumption and/or the relay coverage. Throwing away 7.14 % or 14.29% of the capacity of one subframe should be the method of last resort for system design. For FDD, this kind of “borrowing” is necessary since FDD does not have any reserved resources, while in TDD the GP may be used.
In RAN1 #60bis, we analyzed the possibility to employ a shorter RN GP so as to support case 2a [3]. In this contribution, we provide the further quantitative analysis on the UL timing for Relay NodeB.
2. Quantitative analysis of employing GP for the UL timing
In [2], we discuss the possibility of employing a shorter RN GP (compared to the macro cell), as illustrated in Fig. 1.
The aim of employing a shorter RN GP is to avoid the potential UL/DL interference between RN and RN/UE. Bearing in mind that the GP is traditionally used to absorb the DL and UL propagation delays, the UL/DL interference could be avoided via:

· Maintain half of the macro GP length for the DL propagation delay

The UL-DL interference never happens since half the macro GP length can absorb the maximum propagation delay of the macro cell.

· Compress the second half of the macro GP, and the saved gap could be used for the RN->eNB UL timing and RF switch

Both the Uu and Un UL timing alignment can be achieved under the condition that:
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equation 1
Compared to the always satisfied
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, equation 1 can also be valid especially bearing in mind that the RF switching time 
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 is typically much less than 
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Fig. 1 UL timing adjustment with the shorter RN GP
Fig. 2 illustrates solutions using a shortened GP, which are applicable for all the special subframe configurations listed in Table 4.2-1 of [3].
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Fig. 2 UL timing adjustment with the shorter RN GP

For the special subframe configurations with extremely short macro GP, the RN can employ a different special subframe configuration from the eNB if the 
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 cannot be absorbed by the GP/2. For example, configuration 8 at the eNB with 2192-chip GP could be replaced by configuration 3 at the RN without changing the DwPTS. 
3. Conclusions
This contribution analyzes the UL timing for TDD relays, which shows that case 2a can already satisfy the deployment of TDD type 1 relay. 
Considering spectral efficiency and R8 compatibility, we suggest that only case 2a should be supported by TDD relays for the case when global synchronization is not a requiremnet:
· Case 2a is the baseline for TDD
· The relay cell can employ a shorter GP (already supported by R8)
· The RN GP should reserve half the macro GP for the DL propagation delay
· The saved GP can be employed for timing advance for the UL Un link and for Rx-Tx switching
· The RN can employ a different special subframe configuration from the donor eNB.
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